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第 1 章 序論 
 




















あり、40 歳を越える人で欧米では 16.5％、日本では 12.4％の人々が過活動膀胱
であるという報告がある。全年齢を対象にすると、日本人の約 830 万人がかか































タキキニンは、その C 末端に Phe-X-Gly-Leu-Met-NH2 という共通アミノ酸配列
を有するペプチドの総称であり、10 或いは 11 個のアミノ酸から構成されるサブ
スタンス P（SP）、ニューロキニン A（NKA）、ニューロキニン B（NKB）の 3




ロキニン 1 受容体（NK1 受容体）、ニューロキニン 2 受容体（NK2受容体）、ニュ
ーロキニン 3 受容体（NK3 受容体）の 3 種に分類されている（図 1-2）。これら
の受容体は、外来刺激（光、味、匂い等）や神経伝達物質、ホルモン、オータ
コイド等の受容体と同じ G 蛋白共役型受容体（G-protein coupled receptor: GPCR）
に属するものであり、400 前後のアミノ酸からなる 7 回膜貫通型の構造をとって
いて、その N 末端側を細胞外に、C 末端側を細胞内として細胞膜上に位置して
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Fig. 1-3. NK1 受容体の構造 
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1991 年に初めて非ペプチド型 NK1 受容体拮抗薬 CP-96345 及び CP-999948) が発
表されて以来、タキキニン受容体拮抗薬の研究は急速に発展し、現在までに、
L-733060、9) MK-869、10) TAK-637、11) RPR-100893、12) L-732138、13) LY-30387014)
等、多様な構造を有する NK1 アンタゴニストが世界中の製薬企業から報告され
ている。代表的な NK1 アンタゴニストを図 2-1 に示す。タキキニン受容体にお
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LY-303870 (lanepitant)       L-732138 
 
MK-869                TAK-637 
Fig. 2-2. CAChe による 3 次元構造解析 
 









著者は、化合物 2 をリード化合物として、まず先行品である TAK-637 の 8 員
環構造を 2 に組み入れることを計画した。さらに、NK1 受容体拮抗作用の面で
TAK-637 を凌駕するために、化合物 2 と TAK-637 以外の高活性な化合物との
CAChe による重ね合わせを行い、活性向上が狙える構造修飾位置を考察した（図
2-3）。その結果、TAK-637に存在しないファーマコファーと考えられる LY-303870
のピペリジノピペリジン部分や、MK-869 のトリアゾロン部分は、化合物 2 のピ
リジン環 6 位へ導入するのが最適であることが示唆されたことから、新たに二
環性化合物 3 をデザインした。 




Fig. 2-3. ピリジン誘導体 2 と LY-303870 との重ね合わせ（左）；ピリジン誘導体
2 と MK-869 との重ね合わせ（右） 
















































(A)を変換した化合物 10－12 の合成をスキーム 2-2 に示す。市販の 3-ブロモ-2-
ピリジノール（4）、3-アミノ-2-クロロピリジン（5）及び 2-クロロニコチン酸（6）
を出発原料として、種々の方法により 3,5-ビス（トリフルオロメチル）ベンジル
体 7－9 に導いた後、それぞれ 2 位のハロゲン原子を足がかりとしたフェニルボ
ロン酸との鈴木カップリング反応により、目的とする 10－12 を合成した。 
 
Scheme 2-2. Reagents and conditions: (a)  3,5-bis(trifluoromethyl)benzyl bromide, K2CO3, DMF, rt, 
1 h; (b) (1) 3,5-bis(trifluoromethyl)benzaldehyde, EtOH, rt, 1 h then 50oC, 2 h (2) NaBH4, MeOH, rt, 
1 h; (c) N-[3,5-bis(trifluoromethyl)benzyl]-N-methylamine, 1-[3-(dimethylamin)propyl]-3-
ethylcarbodiimide hydrochloride, rt, 3 h; (d) phenylboronic acid, 10 mol% Pd(PPh3)4, 2 M Na2CO3, 
toluene, dioxane, reflux, 1-5 h.
7: A=O, X=Br, 99%
8: A=NH, X=Cl, 89%























2-3-2. 6 位アミノ基の導入 
 
著者がデザインした所望の多置換ピリジン誘導体の合成上の課題の一つとし
て、ピリジン環 6 位へのアミノ基導入方法が挙げられる。著者は、ピリジン環 6
位に脱離基としてクロル原子を導入した後、求核置換反応によってアミノ基を
導入することを計画した。 























ピリジン環 6 位へのアミノ基導入を試みた（スキーム 2-4）。はじめに、化合物
12 に対して、塩化メチレン中、mCPBA を用いて窒素の酸化反応を行うことによ
り、N-オキシド体 13 とした。続いて、13 に対してオキシ塩化リンを用いてクロ
ル化反応を行った後、モルホリンを塩基兼求核剤として用いた求核置換反応に





Scheme 2-4. Reagents and conditions: (d) mCPBA, CH2Cl2, rt, 24 h; (e) POCl3, reflux, 1-2 h; (f) 






























15: 66% from 13
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2-3-3. 4 置換ピリジン誘導体の合成 
 
4 置換ピリジンの合成にあたり、標的化合物として 25 を設定した場合、ピリ
















方法による 3-アミノ-2-クロロピリジン（5）の Sandmeyer 反応、20)または Rocca
らの方法による 2-クロロピリジン（17）のヨウ素化反応 21)により調整した（ス
キーム 2-5）。 

















(1) NaNO2, 6 N HCl, 0
oC, 1 h
(2) KI, 60oC, 0.5 h, 78%
(1) LDA, -78oC, 5 h














基を有する 20 を主成績体として 47％の収率で得ることができた。また、この反
応に於いては、ピリジン環 2 位にメトキシ基を有する化合物 21 が 16％の収率で
生成してくることが分かった。引き続き、2-クロロ体 20 に対して、フェニルボ
ロン酸との鈴木カップリング反応を行うことにより、ビアリール体 22 とした後、
Meisenheimer 反応によって、ピリジン環 6 位にクロル原子を導入した後、モル
ホリンを用いて求核置換反応を行うことにより、目的とする 25 を合成すること
に成功した。 
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e f
23
Scheme 2-6. Reagents and conditions: (a)(1) LDA, THF, -78oC, 5 h (2) CO2, 1 h, (3) HCl, rt, 1 h, 
81%; (b)(1) SOCl2, DMF, reflux, 2 h (2) 3,5-bis(trifluoromethyl)-N-methybenzylamine, Et3N, 0
oC, 1 
h then rt, 3 h, 99%; (c) MeOK, MeOH, rt, 24 h, 47% for 20, 16% for 21; (d) phenylboronic acid, 10 
mol% Pd(PPh3)4, 2 M Na2CO3, toluene, dioxane, reflux, 1-5 h, 96%; (e) mCPBA, CH2Cl2, rt, 24 h, 
99%; (f) POCl3, reflux, 1-2 h; (g) morpholine, 140-150
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2-4. 二環性ピリジン誘導体の合成 
 
2-4-1. Pyrido-oxazocine 骨格の合成計画 
 
著者は、前記化合物 25 を 8 員環で環化した化合物（9-amino-7-aryl-pyrido- 
[4,3-b]-1,5-oxazocin-6-one 誘導体 26 及び 9-amino-7-aryl-pyrido[2,3-b]-1,5-oxazocin- 
6-one 誘導体 27）の合成を検討した（図 2-5）。 
前記の検討から、ピリジン環窒素の隣の位置には、Meisenheimer 反応による
ハロゲン化後、各種アミンを求核置換することにより、置換基が容易に導入で
きることが分かっている。そこで著者は、pyrido-oxazocine 環 9 位が無置換であ
る 2 種の pyrido-oxazocine 体 28 と 29 を重要中間体として、合成を検討した。23) 
Pyrido[4,3-b]-1,5-oxazocine 骨格 28 は、これまでに合成例が全く報告されてい
ない。一方、pyrido[2,3-b]-1,5-oxazocine 骨格 29 は、これまでに唯一、Natsugari
らの研究グループ 24) によって 36 の合成が報告されている（スキーム 2-7）。彼
らは、アセトフェノン 30 を出発原料として、3 工程でピリジン環を構築するこ
と に よ り 、 ビ ア リ ー ル 体 33 に 導 い た 後 、 4 工 程 で 目 的 と す る
7-aryl-pyrido[2,3-b]-1,5-oxazocine 36 の合成に成功している。 
 
Fig. 2-5. 標的化合及びその鍵中間体
26 : R = NRaRb














27 : R = NRaRb
29 : R = H
 
 













































して、 7-aryl-pyrido[4,3-b]-1,5-oxazocin-6-one 28 及び 7-aryl-pyrido[2,3-b]-1,5- 




pyrido-oxazocine 骨格は、2 種類の位置異性体（pyrido[4,3-b]-1,5-oxazocine 37 及び
pyrido[2,3-b]-1,5-oxazocine 38）が生成可能な分子内環化反応、すなわち、2 位及






































37: X=N, Y=CH, Z=Cl






 - 19 -  
2-4-2. 位置選択的環化反応による pyrido-oxazocine 骨格の合成 
 
は じ め に 、 3-[[3,5-bis(trifluoromethyl)benzyl]amino]-1-propanol （ 34 ） は 、























Scheme 2-10. Reagents and conditions: (a) (1) SOCl2, DMF, reflux, 3 h (2) 3-[[3,5-















次に、得られたアルコール体 43 を用いて、環化反応の条件を検討した（表 2-1）。
NaH 存在下、THF 溶媒中で反応を行うと、ピリジン環 2 位における求核置換反
応だけが進行し、pyrido[2,3-b]-1,5-oxazocine 45 が選択的に得られてきた。溶媒を
トルエンに変えても 45 のみが得られてくるだけであった。溶媒を DMF に変え
ると複雑な反応混合物になり、目的とする環化体は得られてこなかった。興味
深いことに、プロトン性極性溶媒であるエタノール中で反応を行ったところ、
これまで得られてこなかったピリジン 4 位環化体である pyrido[4,3-b]-1,5- 
 - 20 -  
oxazocine 44 が、得られてくることが判明した。さらに、塩基を変えることによ






Base Solvent Total yield (%) Ratio (44:45)Condition
NaH THF rt, 1 h 42 Only 45
NaH DMF 0oC, 1 h a
NaH toluene 50oC, 8 h 53 Only 45
Cs2CO3 EtOH 50
oC, 8 h 59 66:34
K2CO3 DMF 100
oC, 1 h 28 71:29
K2CO3 EtOH 50
oC, 8 h 80 84:16
KHCO3 EtOH 80
oC, 16 h 70 80:20
a decomposition.
tBuOK EtOH rt, 10 h 70 79:21
KOH EtOH rt, 1 h 59 68:32
K2CO3 iPrOH 80
oC, 12 h 54 41:59
K2CO3 H2O-EtOH (1:1v/v) 100
oC, 12 h 87 83:17
Na2CO3 EtOH 80
oC, 16 h 14 71:29
43 44 45
+


















































た（スキーム 12 及び 13）。2-クロロ-4-ヨードピリジン-3-カルボン酸メチル（46）
に対して、メタノール溶媒中、カリウムメトキシドを作用させたところ、4-メト
キシ体 47 及び 2-メトキシ体 48 が得られてきたものの、5-メトキシ体 49 は得ら
れてこなかった。次に、重メタノール中で同様の反応を行ったところ、4-OCD3
体 47-d6及び 2-OCD3体 48-d6が得られたものの、5位にDが導入された 47-d7は、
全く得られてこなかった。スキーム 12 及び 13 の結果から、ピリジン環 4 位で
の置換反応がベンザインメカニズムを経由している可能性について、実験的な
根拠は得られなかった。しかしながら、ベンザインを経由したとしても、ピリ





































































































Scheme 2-13. 重水素化検討  
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2-4-4. ビアリール結合の生成 
 





44, X=N, Y=CH, Z=Cl
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2-4-5. Pyrido[2,3-b]-1,5-oxazocine 環及び 7-aryl-pyrido[4,3-b]-1,5-oxazocine 環 9 位
アミノ基の導入 
 
前 記 の Meisenheimer 反 応 を 鍵 反 応 と し た 合 成 ル ー ト に よ り 、
pyrido[2,3-b]-1,5-oxazocine 環及び 7-aryl-pyrido[4,3-b]-1,5-oxazocine 環 9 位へのア
ミノ基導入を検討した。 
鈴木カップリング反応によって得られたビアリール体 36, 50─57 に対して、
mCPBA を用いた酸化反応によって生成する N-オキシド体 58─63 を、オキシ塩
化リンで処理することにより、ピリジン環窒素の隣の炭素がクロル化されて、
９位にクロル基を有する pyrido[2,3-b]-1,5-oxazocine 誘導体 64, 65 並びに
7-aryl-pyrido[4,3-b]-1,5-oxazocine誘導体66─69を良好な収率で得ることができた。
さらに、このクロル体 64─69 を用いて、種々のアミンと求核置換反応すること
により、目的とする pyrido[2,3-b]-1,5-oxazocine 誘 導 体 70, 71 並 び に
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R2 N OZ1 =
50: X = N, Y = CH, R1 = H
55: X = N, Y = CH, R1 =Me
36: X = CH, Y = N, R1 = H
54: X = CH, Y = N, R1 = Cl
52: X = CH, Y = N, R1 = F
56: X = CH, Y = N, R1 = Me
58: X = N-O, Y = CH, R1 = H, 44%
59: X = N-O, Y = CH, R1 =Me, 70%
60: X = CH, Y = N-O, R1 = H, 54%
61: X = CH, Y = N-O, R1 = Cl, 80%
62: X = CH, Y = N-O, R1 = F, 72%
63: X = CH, Y = N-O, R1 = Me, 83%
64: X = N, Y = CH, R1 = H, 99%
65: X = N, Y = CH, R1 =Me, 99%
66: X = CH, Y = N, R1 = H, 99%
67: X = CH, Y = N, R1 = Cl, 99%
68: X = CH, Y = N, R1 = F, 99%
69: X = CH, Y = N, R1 = Me, 99%
70: X = N, Y = CH, R1 = H, R2 = Z1, 57%
71: X = N, Y = CH, R1 =Me, R2 = Z2, 39%
72: X = CH, Y = N, R1 = H, R2 = Z1, 27%
73: X = CH, Y = N, R1 = H, R2 = Z3, 47%
74: X = CH, Y = N, R1 = H, R2 = Z4,11%
75: X = CH, Y = N, R1 = H, R2 = Z5, 48%
76: X = CH, Y = N, R1 = H, R2 = Z2, 48%
77: X = CH, Y = N, R1 = H, R2 = Z6, 48%
78: X = CH, Y = N, R1 = Cl, R2 = Z2, 48%
79: X = CH, Y = N, R1 = F, R2 = Z2, 52%















の残存率（％）を検討した結果を表 2-3 に示した。エーテル結合を有する 10 は
良好な NK1 アンタゴニスト活性を示した（KB = 25.7 nM）。リンカー部分に 2 級
アミンを有する 11 は、10 と比較した場合、活性が大きく低下し、3 級アミドを
有する 12 は若干弱い活性を示した。これらの活性の違いを構造的な観点から考
察を加えるため、CAChe を用いて 10─12 の最安定コンホメーションを計算した
（図 2-6）。その結果、化合物 10 及び 12 は 2 位フェニル基に対して 3,5-ビス（ト
リフルオロメチル）フェニル基が直交或いは平行なコンホメーションであるの
に対して、化合物 11 は、2 つのアリール基がそれぞれ秩序のない方向を向いて
いることが分かった。すなわち、化合物 10 は CH-π相互作用により、また化合














































10                   11                    12 
 
Fig. 2-6. 化合物 10-12 の CAChe におけるコンホメーション解析 
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2-5-2. ピリジン環 4 位、6 位への置換基導入並びに環化による影響 
 
ピリジン環 4 位、6 位への置換基導入並びに環化した化合物について、NK1
アンタゴニスト活性及び代謝安定性を評価した結果を表 2-4 に示す。はじめに、
ピリジン環の 4 位及び 6 位の置換基について検討した（12, 15, 25）。R4 へのモル
ホリノ基の導入（15）は、導入前（12）と同等の NK1 アンタゴニスト活性を示
した。また、R2 にメトキシ基、R4 にモルホリノ基を導入した 25 の場合、12 に
比べて 5 倍強い NK1アンタゴニスト活性を示した（25, KB = 26.3 nM; 12, KB = 151 
nM）。 
次に、環化体について検討した。R2 と R3 を 8 員環で環化した 50 は、12 に比
べて 2 倍強い NK1 アンタゴニスト活性を示した。興味深いことに、R2 と R3 を 8
員環で環化し,更に R4にモルホリノ基を導入した 70 は、12 に比べて 25 倍強い
NK1 アンタゴニスト活性を示した（70, KB = 2.63 nM）。70 の活性は、開環体 25












Table 2-4. NK1 antagonist activity of arylpyridinecarboxamide derivatives
12
70
a) Compounds were screened for antagonist activity on guinea pig ileum as described in the text.
















NO 12915 100H Me
OMe Me
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2-5-3. Pyrido-oxazoicine 環 9 位置換基の影響 
 
ピリジン環上の窒素原子の位置異性体である 72 は、70 と同等の活性を示した
（KB = 2.57─2.63 nM）ため、72 について pyrido-oxazoicine 環 9 位置換基の末端
へテロ原子の効果を検討した（72─77）。化合物 72 のモルホリノ基をピロリジ
ニル基、或いはピペリジノ基に変換した誘導体 73 と 74 は、5 倍弱い活性を示
した。これに対して窒素原子の導入は、酸素原子と同等或いはそれ以上の活性
を示し、特に 4-(ピロリジニル)ピペリジノ基を導入した 76 は、優れた NK1 アン
























a) Compounds were screened for antagonist activity on guinea pig ileum as described in the text.
b) Compounds were screened for metabolic stability on rat microsomes as described in the text.
X
YR4
N 13.873 CH N
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2-5-4. Pyrido-oxazoicine 環 7 位フェニル基の置換基効果 
 
次に、ビフェニル構造のねじれから、活性コンホメーションである U 字型コ
ンホメーションをとりやすくなることを期待して、pyrido-oxazoicine 環 7 位フェ
ニル基上のオルト位の置換基効果について検討した。その結果、置換基による




られた。また、80 のピリジン環窒素の位置異性体である 71 についても、80 と


















a) Compounds were screened for antagonist activity on guinea pig ileum as described in the text.
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2-5-5. ピリジン誘導体の有効膀胱容量増大作用 
 
合成したピリジン誘導体の中で、最も優れた in vitro 活性（NK1アンタゴニス
ト活性及び代謝安定性）を示した 80 と、そのピリジン窒素位置異性体である 71
について、モルモットを用いた有効膀胱容量増大作用を指標とした in vivo にお
ける薬理効果を検討した（表 2-7）。比較対照として、NK1 アンタゴニスト作用
に基づく排尿障害治療薬として臨床試験中の TAK-637 を用いた。化合物 71、80
及び TAK-637 は、in vitro においてはほぼ同等の活性（KB = 0.339─0.210 nM）を
示した。興味深いことに、有効膀胱容量増大作用においては TAK-637 が 12.0%
であったのに対して、71 は 3.97％と弱く、80 は 24.2%と強い活性を示した。こ
れらの結果から化合物の構造的に、4-(ピロリジニル )ピペリジノ基及び





Table 2-7. Augmentative effects of 71 and 80 on effective bladder capacity in guinea pigs.
Effective bladder capacity




















a) Compounds were screened for antagonist activity on guinea pig ileum as described in the text.
b) Effective bladder capacity was measured as the volume of saline injected into spinalized guinea pigs. 
The capacity-increasing effects of the test compounds were expressed as the ratio of the increase in 
effective bladder capacity compared with the predrug values.
X Y
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2-6. ビアリール由来軸性キラリティーについて 
 
化合物 71 及び 80 のビアリール構造に由来する回転障害について 1H-NMR ス
ペクトルを基に考察した。Pyrido-oxazocine 71 及び 80 は、構造的には唯一ピリ
ジン環の窒素の位置が異なるだけであるが、全く異なる 1H-NMR スペクトルを
示すことが判明した（図 2-7）。化合物 71 においては、7 位フェニル基の芳香環
プロトンシグナルは、1 プロトンずつシャープに現れ、また、ベンジル位のプロ
トンシグナルは 1 組のダブレットとして観測された。一方、化合物 80 において
は、7 位フェニル基のプロトンはそれぞれ 1 プロトンを示さずブロードシグナル
として現れ、ベンジル位プロトンは更に 2 つに分離されて、2 組のダブレットと
して観測されることが分かった。これらの結果は、pyrido-oxazocine 環の 8 位が
N であるか CH であるかによって、ビアリール結合の回転障害の程度が変化する
ことを示している。すなわち、8 位が N である 71 の場合にはビアリール結合の









































が分かった（図 2-8）。①2 つのアリール基の存在並びに位置（表 2-3, 2-6）、②
リンカー部分のアミド結合（表 2-3）、③8 員環による環化（表 2-4）、④スタッ
キング構造をとり得る 2 つのアリール基と反対側に位置するヘテロ原子（表 
2-5）が NK1 受容体親和性に重要である。一方、⑤pyrido-oxazocine 環 10 位の窒
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章での検討から、pyrido-oxazocine 71 及び 80 は、共に同程度に強力な in vitro 活
性を有するが、in vivo 活性に於いては、80 の方が 71 よりも優れており、10 位
の窒素原子が in vivo での活性に重要であろうと考えられた。 
一方、80 はビアリール結合部位での軸性キラリティーが存在することが
1H-NMR の結果から推測された。すなわち、C-8 位が N である 71 のビアリール









化学的性質に優れた 71 に対して、80 の in vivo 活性に重要な 10 位の窒素原子を





化合物 81 の構造最適化を検討することとした。 
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3-2-2. モルホリン誘導体の合成 
 
著者が計画した 81 の合成ルートは、極性基（塩基性の 3 級アミン）を有する
中間体（82,84,85,86,87）を経由するため、単離精製が困難であることが予想さ
れた。そこで、予備試験として、pyrimido-oxazocine 環 2 位がモルホリノ基であ


















Fig. 3-2. モルホリン誘導体とその鍵中間体  
 
鍵中間体 90 は新規化合物であり、その周辺化合物の合成例も、あまり報告さ
れていない。Mehta ら 28) は、アミジン 91 とメタントリカルボン酸トリエチル
(92)との反応において、5 位が脱炭酸した 93 が得られてくることを報告している。
彼らは 5 位にブロモ原子を導入した 94 をリチウム塩にした後、CO2 を反応させ
て 5-カルボン酸体 95 を得ることに成功している（スキーム 3-2）。また、Bell ら
29) は、4,6-ジヒドロキシピリミジン 96 に対して DMF、オキシ塩化リンを用いた
Vilsmeier 反応により、4,6-ジクロロピリミジン-5-カルボキシアルデヒド 97 を合
成している（スキーム 3-3）。Suzuki ら 30) は、この方法を利用して得られたアル
デヒドの酸化反応により、所望の 2-置換-4,6-ジクロロピリミジン-5-カルボン酸
99 が得られてくることを報告している（スキーム 3-4）。また、Yamada ら 31) は、
更に直接的にピリミジン環 5 位へカルボキシル基の導入反応、すなわち、4,6-ジ
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Scheme 3-5. Yamadaらによる報告  
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著者は、Yamada らの方法を応用して、ピリミジン環 5 位のカルボキシル基の
導入を検討した（スキーム 3-6）。はじめに、市販の 2-アミノ-4,6-ジクロロピリ
ミジン(101)に対して 2-ブロモエチルエーテルと反応させることにより、4,6-ジク
ロロ-2-モルホリノピリミジン(102)へと導いた。32)次に 102 を－78℃にて LDA で
処理後、次いで CO2 ガスを導入し、酸で反応終結することにより、目的とする
2-置換-4,6-ジクロロピリミジン-5-カルボン酸 90 を合成することに成功した。 
102
b
Scheme 3-6. Reagents and conditions: (a) (1) O(CH2CH2Br)2, K2CO3, DMF, reflux, 28%; (b) 




















次に、得られた 90 を酸クロリドへと変換した後、アミノプロパノール 34 と
縮合して得られたジハロゲン体に対して、水素化ナトリウムを用いた環化反応
により、オキサゾシン 103 に導くことができた。続いてクロル体 103 とフェニ
ルボロン酸との鈴木カップリング反応により、目的とするビアリール体 89 を合
成することに成功した。 
Scheme 3-7. Reagents and conditions: (c) (1) SOCl2, DMF, reflux, 2 h (2) 3-[[3,5-
bis(trifluoromethyl)benzyl]amino]-1-propanol, THF, 0oC, 1 h then rt, 3 h, 82%; (3) NaH, 
DMF, 0oC, 1 h,  71%; (d) phenylboronic acid, 10 mol% Pd(PPh3)4, 2 M Na2CO3, toluene, 










































環化反応により、pyrimido-oxazocine 環を構築した。最後にクロル体 82 とアリー
ルボロン酸との鈴木カップリング反応により、ビアリール結合を構築し、目的




Scheme 3-8. Reagents and conditions: (a) (1) HCl-dioxane (2) H2NCN (3) CH2(CO2Et)2, 
NaOEt, EtOH, reflux (4) POCl3, reflux, 22%; (b) (1) LDA, THF, -78
oC, 5 h (2) CO2, 1 h (3) 
HCl, rt, 1 h; (c) (1) SOCl2, DMF, reflux, 2 h (2) 3-[[3,5-bis(trifluoromethyl)benzyl]amino]-1-
propanol, THF, 0oC, 1 h then rt, 3 h; (3) NaH, DMF, 0oC, 1 h,  13%; (d) 2-methylphenylboronic 
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3-2-4. Pyrimido-oxazocine 81 のビアリール由来軸性キラリティー並びに薬理活
性 
 
Pyrido-oxazocine 71, 80 並びに pyrimido-oxazocine 81 の 1H-NMR の特徴的なピ
ークを表 3-1 に示した。第 2 章で述べたとおり、80 の 1H-NMR スペクトルにお
いては、ビアリール部分の回転障害により、ベンジル位メチレンプロトンが 2
組のダブレットとして現れた。一方で、71 と 80 ハイブリッド体である




次に、NK1 アンタゴニスト活性（in vitro）及び有効膀胱容量増大作用（in vivo）
について検討した。NK1 アンタゴニスト活性は、3 化合物（71, 80, 81）共に非常
に強力であった（KB = 0.166—0.339 nM）。有効膀胱容量増大作用については、化
合物 81 は、80 と同様に優れた活性を示した。 
以上のことから、pyrimido-oxazocine 81 は、pyrido-oxazocine 71, 80 の両方の性
質、すなわち、ビアリール部分の回転が自由であること（71 に由来）及び強力
な in vivo 活性を示すこと（80 に由来）を併せ持つ化合物であることが判明した。
従って、pyrimido-oxazocine 骨格を有する 81 は、新たなリード化合物としてふさ
わしいと判断した。 




Table 3-1.  1H-NMR properties and NK1 antagonist activities of 71, 80 and 81
Effective bladder 
capacity





a) In CDCl3; d=doublet.
b) Compounds were screened for antagonist activity on guinea pig ileum as described in the text
c) Effective bladder capacity was measured as the volume of saline injected into spinalized guinea pigs. 
The increasing effects of the test compounds were expressed as the ratio of the increase in effective 

















N N 0.166 33.4
0.270
3.93, 5.34
(each 1H, d, J=15.3Hz)
3.84, 5.32
(each 1H, d, J=15.3Hz)
3.94, 3.95, 5.36, 5.39
(each 0.5H, d, J=15.3Hz)










した（図 3-3）。図 3-3 に示す構造の中で、3,5-ビス（トリフルオロメチル）ベン
ジル基は、他社先行化合物の構造活性相関から必須部位であると考えられるた
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3-3-2. ピリミジン誘導体合成計画 
 
前記 3-2 で確立した pyrimido-oxazocine の合成方法は、ビアリール部位の変換
には適したルートであるが、2 位アミノ基の変換には、多くの合成工程を必要と
するため、効率が悪いルートである。そこで、新たな合成ルート確立を目的と





pyrimido-oxazocine 環は、カルボン酸体 99 とアミノプロパノール 41 を縮合して
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3-3-3. ピリミジン誘導体の合成 
 
前記逆合成解析に従って、pyrimido-oxazocine 81, 122―134 並びに pyrimido- 
oxazepine 135 の合成を検討した（スキーム 3-10）。はじめに、Yamada らの方法
により合成したカルボン酸体 99 を、塩化チオニルで処理して酸クロリドとした
後、3-[[3,5-bis(trifluoromethyl)benzyl]amino]-1-propanol 又は 2-[[3,5-bis-(trifluoro- 
methyl)benzyl]amino]-1-ethanol と縮合した。本反応においては、環化体 110 或い
は 111 も一部副生し、ジクロロ体との生成比は反応時間を長くしても一定であっ
たためジクロロ体を単離せず、未精製の状態で炭酸カリウム処理することによ
り、環化体 110 及び 111 に導いた。次に、クロル体 110 及び 111 と各種フェニル
ボロン酸との鈴木カップリング反応は、好収率で進行し、ビアリール体 112―116
へ導くことができた。続いて、112―116 について mCPBA を用いてスルホン体
に導いた後、種々のアミンを求核置換することにより目的とする
pyrimido-oxazocine 81, 122―134 並びに pyrimido-oxazepine 135 を合成することに
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99 110: n=2. Yield: 63%
111: n=1. Yield: 52%
a, b, c
Scheme 3-10. Reagents and conditions: (a) SOCl2, DMF, reflux, 2 h; (b) 3-[[3,5-
bis(trifluoromethyl)benzyl]amino]-1-propanol or 2-[[3,5-bis(trifluoromethyl)benzyl]amino]ethanol, 
THF, 0oC, 1 h then rt, 3 h; (c) K2CO3,DMF, 80
oC, 1 h; (d) 2-methylphenylboronic acid, 10 mol% 
Pd(PPh3)4, 2 M Na2CO3, toluene, dioxane, reflux, 6 h; (e) mCPBA, THF, 0
oC, 0.5 h then rt, 3 h; (f) 
R2H, 1,4-dioxane, diisopropylethylamine, reflux, 5 h; (g) (1) 4-(Boc-amino)piperidine or N-Boc-
homopiperazine or N-Boc-piperazine (2) 3 M HCl-AcOEt, 0oC, 0.5 h then rt, 1 h (3) acetic anhydride 
or methylsulfonyl chloride 0oC then rt, 1 h .
d
e
112: R1=2-Me, n=2. Yield: 95%
113: R1=H, n=2. Yield: 86%
114: R1=2-OMe, n=2. Yield: 88%
115: R1=2-F, n=2. Yield: 90%
116: R1=2-Me, n=1. Yield: 81%
117: R1=2-Me, n=2. Yield: 99%
118: R1=H, n=2. Yield: 78%
119: R1=2-OMe, n=2. Yield: 85%
120: R1=2-F, n=2. Yield: 92%
















































81: n=2, R1=2-Me, R2=4-(1-pyrrolidinyl)piperidinyl, 64%
122: n=2, R1=2-Me, R2=4-(2-pyridyl)piperazinyl, 78%
123: n=2, R1=2-Me, R2=1-imidazolyl, 64%
124: n=2, R1=2-Me, R2=morpholino, 87%
125: n=2, R1=2-Me, R2=4-(ethoxycarbonyl)pipeidino, 68%
126: n=2, R1=2-Me, R2=4-carbamoylpiperidino, 75%
127: n=2, R1=2-Me, R2=4-acetylpiperazinyl, 65%
128: n=2, R1=2-Me, R2=4-acetylhomopiperazinyl, 41%
129: n=2, R1=2-Me, R2=3-acetamido-1-pyrrolidinyl, 70%
130: n=2, R1=2-Me, R2=1,1-dioxothiomorpholino, 13%
131: n=2, R1=2-Me, R2=4-(methylsulfonyl)piperazinyl, 55%
132: n=2, R1=H, R2=4-acetylpiperazinyl, 59%
133: n=2, R1=2-OMe, R2=4-acetylpiperazinyl, 90%
134: n=2, R1=2-F, R2=4-acetylpiperazinyl, 88%
135: n=1, R1=2-Me, R2=4-acetylpiperazinyl, 68%
f
or g for 128, 129 and 131
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次に、pyrimido[4,5-b][1,5]diazocine 誘導体及び pyrimido[4,5-e][1,4]diazepine 誘
導体の合成検討の結果をスキーム 3-12 に示す。また、原料として用いるジアミ
ン体 137 及び 138 は、スキーム 3-11 に示す方法で合成した。 
カルボン酸体 99 を SOCl2 で処理して得られた酸クロリドに対して、
N-[[3,5-bis(trifluoromethyl)benzyl]amino]-N’-Boc-1,3-propanediamine を縮合した。引
き続き、酸で処理して脱 Boc 化した後、炭酸カリウムを用いて環化反応を行う
ことにより 139 へ導いた。得られたクロル体 139 は鈴木カップリング反応によ
りビアリール体 141 へと導いた後、mCPBA を用いた酸化反応によりスルホン体
143 へ導いた。最後に 1-アセチルピペラジンを用いた求核置換反応により、目的
とする 145 を合成した。また、pyrimido[4,5-e][1,4]diazepine 誘導体 146 も同様の
















137: n = 1 (100%)
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99 139: n=2 (81%)
140: n=1 (68%)
a, b, c, d
Scheme 3-12. Reagents and conditions: (a) SOCl2, DMF; (b) N-[3,5-bis(trifluoromethyl)benzyl]-N'-
Boc-1,3-diaminopropane or N-[3,5-bis(trifluoromethyl)benzyl]-N'-Boc-1,2-diaminoethane; (c) 3 M 
HCl-AcOEt; (d) K2CO3,DMF; (e) 2-methylphenylboronic acid, 10 mol% Pd(PPh3)4, 2 M Na2CO3, 








145: n=2, R3=H (75%)
146: n=1, R3=H (46%)
147: n=2, R3=Me (42%)




























































次に、pyrido[4,3-b]-1,5-oxazocine 誘導体 149 及び pyrido[2,3-b]-1,5-oxazocine 誘
導体 150 及び 151 を、前記第 2 章と同様の方法で合成した（スキーム 3-13）。 
 









65: X=N, Y=CH, R1=Me
69: X=CH, Y=N, R1=Me











149: X=N, Y=CH, R1=Me, R2=4-acetylpiperazynyl (55%) 
150: X=CH, Y=N, R1=Me, R2=4-acetylpiperazynyl (38%)
151: X=CH, Y=N, R1=H, R2=morpholino (57%)
R2
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3-4. ピリミジン誘導体の活性評価 
 
3-4-1. Pyrimido-oxazocine 環 2 位アミノ基の置換基効果 
 
Pyrimido[4,5-b][1,5]oxazocine 環 2 位の置換基効果について検討するため、81
及び新たに合成した 122─131 の NK1 アンタゴニスト活性について検討した（表
3-2）。 
芳香族アミンを有する 122 及びエステルを有する 125 は 81 に比べて 7─10 倍
弱い活性を示した（KB = 1.13─1.82 nM）。イミダゾリル基を有する 123、モルホ
リノ基を有する 124 及び 4-カルバモイルピペリジノ基を有する 126 は 81 に比べ
て 2─3 倍弱い活性を示した（KB = 0.341─0.459 nM）。4-アセチルピペラジノ基
を有する 127 は、81 と同等の良好な活性を示した（KB = 0.105 nM）。また、127
と同様のアセトアミド基を有する 128 及び 129 においては、その置換位置が変
わることによって活性が低くなる傾向が見られた（128, KB = 0.308 nM；129, KB = 
0.440 nM）。スルホン体 130 及びスルホンアミド体 131 は、81 と同等以上の強い
活性を示した（130, KB = 0.0794 nM；131, KB =  0.0794 nM）。これらの結果から、
pyrimido-oxazocine 環の 2 位の置換基としては、4-(ピロリジニル)ピペリジノ基、
4-アセチルピペラジノ基、ジオキソチオモルホリノ基、メチルスルホニルピペラ
ジニル基が好ましいことが判明し（それぞれ 81,127,130,131）、pyrimido-oxazocine
環の 2 位の置換基は、NK1 アンタゴニスト活性に大きく影響することが明らか
となった。 
 
 - 50 -  
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a) Data present the mean of KB value of guinea pig ileum 
contraction assay (n = 3−5). The values of schild plot slope 
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3-4-2. Pyrimido-oxazocine 環 4 位フェニル基の置換基効果 
 










































8 員環のメチレン鎖を短くすることにより（n = 2 ⇒ 1）NK1 アンタゴニスト
活性はわずかに弱くなった。従って、7 員環を有する母核に比べて、8 員環を有
するものの方が、好ましいことが判明した（127 vs 135; 145 vs 146）。環の大きさ
の違いによる活性の差を考察するため、化合物 127 及び 135 について CAChe を
用いた安定コンホメーション解析を行い、さらにこの 2 つの化合物について構
造の重ね合わせを行った（図 3-4）。その結果、8 員環構造を有する 127 の場合に
は、安定コンホメーションの一つとして、2 つのアリール基（2-メチルフェニル
基及び 3,5-ビス（トリフルオロメチル）フェニル基）が平行に面と面を合わせた




次に、8 員環上の Z で示した原子について検討した。メチルアミノ基を有する
147 は、酸素原子を有する 127 に比べて低活性であった。一方、アミノ体 145 並
びにアセトアミド体148については、127の活性を保持していることが分かった。 
次に、中央二環部分の 6 員へテロ環について検討した。その結果、Y で示さ
れる位置の窒素原子が、NK1 アンタゴニスト活性に重要であることが判明した
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Table 3-4. NK1 antagonist activity of bicyclic derivatives bearing 4-acetylpiperazinyl moiety
N N NMe 2 0.324
N N NAc 2 0.0794
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   化合物 127（8 員環構造）      化合物 135（7 員環構造） 
 
         化合物 127 と 135 の重ね合わせ 
Fig. 3-4. CAChe による計算結果 












ラットを用い、10 mg/kg iv (PET solution) 及び 10 mg/kg id (CMC Na suspension) 
で行った。その結果、130 のバイオアベラビリティー（BA）は極めて低く、０％
であった。その理由の一つとして、130 は水に対する溶解性が極めて低く、消化
管からの吸収が低いためであることが考えられた。一方、127 及び 145 は良好な
BA（41％、127；38％、145）を示したため、十二指腸内投与（id）における有
効膀胱容量増大効果を検討した。その結果、iv での結果と同様に、127 が 145 よ
り強力な増大効果を示した（62.8％ vs 29.0％）。以上の結果から、高い薬理活性
を有し、且つ優れた経口吸収性を示す 127 (KRP-103) を精査化合物として選定
した。 
 





Table 3-5. Water solubility, effective bladder capacity and bioavailability of selected compounds










0.166 33.4 ± 11.0
a) Data present the mean of KB value of guinea pig ileum contraction assay (n = 3−5). Compounds were 
screened for antagonist activity on guinea pig ileum as described in the text. b) Water solubility value 
determined by a single experiment run in duplicate. c) Data present the mean of increasing ratio (%) of 
effective bladder capacity measured as the volume of saline injected into spinalized guinea pigs at 0.3 
mg/kg (iv) (n = 4−5) and 3 mg/kg (id) (n = 5−6). d) An average of 4−5 independent experiments. e) The 





























































回避しつつ、高い NK1受容体拮抗作用（特に in vivo）を有することが判明した。



























②O, NH, NAc > NMe
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KRP-103 の収縮頻度と収縮圧の変化を薬物投与前と比較した値を図 4-1 に示し
た。比較対照として tolterodine を用いた。このアッセイ系において、KRP-103






量を測定した。図 4-2 は、KRP-103 による有効膀胱容量の増大を薬物処置前と比
較した値を示した。KRP-103 は、0.03, 0.1, 0.3 mg/kg の各濃度において用量依存
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Figure 4-1. Reductions in contractile frequency and intravesical 
pressure on distention-induced rhythmic bladder contractions in 
urethane-anesthetized guinea pigs with ascending concentrations. 
KRP-103 (doses: 0.03, 0.1 and 0.3 mg/kg iv); tolterodine (doses: 0.1, 






























Figure 4-2. Increasing effect of the effective bladder capacity 
in spinalized guinea pigs with ascending concentrations. KRP-
103 (doses: 0.03, 0.1 and 0.3 mg/kg iv); tolterodine (doses: 0.1, 
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次に、CHO 細胞を用いた評価系におけるヒト NK1 受容体親和性について、検
討した。その結果、KRP-103 はモルモットの回腸を用いた試験だけでなく、ヒ
トの NK1 受容体結合試験 35) においても強力な親和性を示した（Ki = 0.0657 nM）。
また、その作用は、タキキニンが有する 3 つのサブタイプの中で、NK1 受容体
のみを選択的に阻害していることが判明した。従って、膀胱機能への作用は、




Table 4-1. Neurokinin receptor selectivity
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4-2. KRP-103 の軸性キラリティーに関する検討 
 
KRP-103 における回転障害の可能性について考察した。 
KRP-103 の 2 種類の可能な軸性キラリティーについて示したモデル化合物を































NMR 的特徴は、前述のとおりビアリール部分が自由回転していること、第 3 章
に記載のビアリール部分構築前の KRP-103 合成中間体 110 においてもベンジル
位及び環上のメチレンプロトンが非等価に観測されること、同じく第 3 章に記
載の二環式へテロ環として 7 員環を有する誘導体 135 の場合には、これらのメ
チレンプロトンが等価に現れること等を考慮すると、カルバモイル基を含む 8
員環のフリッピングが遅いことが原因と考えられる（図 4-4）。図 4-4 に示すよう
に、安定な 2 つのコンホメーション（ビアリール部分は自由回転しているため











O CH3  
 







1H-NMR で 8 員環のメチレンプロトンはそれぞれ非等価になり、その影響でベン
ジル位のメチレンプロトンもそれぞれ非等価に観測される。更に、TAK-637 の































































次に、著者は KRP-103 の 8 員環由来軸性キラリティーの分離の可能性につい







HPLC を用いて KRP-103 のアトロプ異性体の分離を試みたが、いずれも分離す
ることができなかった。そこで、これらの異性体の分離の可能性を検討するた





























































Fig. 4-9. KRP-103 の加温による 1H-NMR スペクトルの変化 
 
 
以上の結果から、KRP-103 の構造から予測される 2 種の軸性キラリティー（①
ビアリール由来、②オキサゾシン由来）に関連する化学的性質は、薬としての
開発に支障ないと考えられた。 
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4-3.  KRP-103 と NK1 受容体との相互作用 
 
KRP-103 と NK1 受容体との相互作用について検討した。これまでにいくつか
の研究グループによって非ペプチド性 NK1 アンタゴニストと受容体との相互作
用について、ヒト NK1 受容体のミュータントを用いた実験 37)が報告されている。
L-732138 のインドールユニットは、へリックス 5 のヒスチジン 197 と、また、
3,5-ビス(トリフルオロメチル)ベンジルユニットは、へリックス 6 のヒスチジン
265 と、エステル結合部位とへリックス 4 のグルタミン 165 とそれぞれ相互作用
していることが明らかとなっている（図 4-10）。同様の研究が CP-96345 や
L-709210 についても行われている。 
また、3 次元モデルを使った L-732138 と NK1 受容体との相互作用の解析結果
から、L-732138 のアセトアミド部分は、細胞膜外の位置で相互作用していると














Fig. 4-10. 二次元モデルにおける L-732138 と NK1 受容体との相互作用 
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4-12）。その結果、KRP-103 は、6 位 3,5-ビス（トリフルオロメチル）ベンジル
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部分について考察した。その結果を図 4-13 に示す。LY-303870 との重ね合わせ
では、KRP-103 の pyrimido-oxazocine 環 2 位のアセチルピペラジン部位と、
LY-303870 の 4-ピペラジノピペリジン部位が同じ空間に位置していることが分
かる。 
L-732138 との重ね合わせでは、KRP-103 の pyrimido-oxazocine 環 1 位窒素原子




MK-869 との重ねあわせにおいても、LY-303870 と同様に、KRP-103 の
pyrimido-oxazocine 環 2 位のアセチルピペラジン部位と、MK-869 のトリアゾー
ル環部分が、ほぼ同じ方向に伸びていることが分かる。 
TAK-637 との重ね合わせでは、KRP-103 のアセチルピペラジン部位に相当す
る部分は、TAK-637 に存在しないことが分かり、このことが TAK-637 を凌駕す
る薬理活性が得られた要因の一つであると考えられる。 
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LY-303870 + KRP-103        L-732138 + KRP-103 
 
MK-869 + KRP-103          TAK-637 + KRP-103 
Fig. 4-13. KRP-103 との重ね合わせ 
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以上の結果から、KRP-103 が NK1 受容体に結合するにあたり、図 4-14 に示す
相互作用が推定される。2-メチルフェニル基はへリックス 5 のヒスチジン 197
と、また、3,5-ビス（トリフルオロメチル）フェニル基は、へリックス 6 のヒス
チジン 265 とそれぞれ amino-aromatic 相互作用をしていると考えられる。また、
オキサゾシン環に存在するアミド部分は、へリックス 4 に存在するグルタミン
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4-4. 追補 
 

















































































Scheme 4-1. KRP-103探索合成ルート  
 
 
Cho ら 38) はフェニルプロピオン酸誘導体 154 とアミジンとの反応で、5 位に
エステル基、6 位にフェニル基を有する 4 置換テトラヒドロピリミジン 155 の合
成を報告している。 
この報告に着目して、スキーム 4-3 に示す逆合成解析を行った。鍵中間体とし
















































Scheme 4-3. KRP-103逆合成解析  
 - 76 -  






素を KHCO3 存在下で DMSO 溶媒中、50℃にて 4 時間攪拌することにより、テ
トラヒドロピリミジン 158 へ導いた。得られたテトラヒドロ体 158 に対して酢
酸エチル中、2,3-ジクロロ-5,6-ジシアノ-1,4-ベンゾキノン(DDQ)を用いた酸化反
応を行うことにより、ジヒドロ体 159 とした後、NaOH を用いたエステルの加水
分解反応により、鍵中間体である 153 を得ることができた。更に、4-オキソ-5-
カルボン酸体 153 をオキシ塩化リンで処理することにより得られる 4-クロロ-5-
カルボン酸クロリドに対して、アミノプロパノールと縮合反応を行った後、DBU
を用いて閉環反応を行うことにより、pyrimido-oxazocine 体 112 へ導くことがで
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いては、2 種の異性体（pyrido[2,3-b]-1,5-oxazocine 及び pyrido[4,3-b]-1,5-oxazocine）
の位置選択的な求核置換反応による合成法を見出し、pyrido-oxazocine 環 7 位及






物として構造最適化を行った。その結果、in vitro において強力な NK1 受容体拮






















mp： Yamato MP-500 melting point apparatus 
 




MS： Hitachi M-2000 mass spectrometer 
値は、m/z で示した。 
 
Anal： Yanaco CHN corder MT-5. 
元素分析値は、理論値の±0.4%以内とした。 
 
 分析用薄層クロマトグラフィーは、Merck precoated silica gel 60F254 plates を使
用した。シリカゲルクロマトグラフィーは、充填剤として Merck silica gel 60
（230-400 mesh ASTM）を使用した。 
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3-[3,5-Bis(trifluoromethyl)benzyloxy]-2-bromopyridine (7). To a solution of 
2-bromo-3-hydroxypyridine (2.61 g, 15.0 mmol) in DMF (15 mL), K2CO3 (2.28 g, 16.5 
mmol) was added, and the mixture was stirred at room temperature for 1 h. Then 
3,5-bis(trifluoromethyl)benzylbromide (4.61 g, 15.0 mmol) was added and and the 
mixture was stirred at room temperature for 1 h. The resulting mixture was diluted with 
ethyl acetate, and was washed with H2O, brine, and dried over Na2SO4. The solvent was 
evaporated to give compound 7 (6.09 g, 99%). Mp: 197–200oC. 1H-NMR (400 MHz, 
CDCl3)  5.26 (2H, s), 7.21 (1H, dd, J = 8.3 and 2.0 Hz), 7.24–7.29 (1H, m), 7.89 (1H, 
s), 7.99 (2H, s), 8.09 (1H dd, J = 4.9 and 2.0 Hz). 
 
3-[3,5-Bis(trifluoromethyl)benzylamino]-2-chloropyridine (8). To a solution of 
3-amino-2-chloropyridine (1.29 g, 1.00 mmol) in EtOH (10 mL), 
3,5-bis(trifluoromethyl)benzaldehyde (2.43 g, 10.0 mmol) was added, and the mixture 
was stirred at room temperature for 2 h. Then the mixture was concentrated in vacuo, 
then MeOH (10mL) and NaBH4 (380.mg, 10.0 mmol) was added , and the resulting 
mixture The resulting mixture was diluted with ethyl acetate, and was washed with 
brine, and dried over Na2SO4, and then concentrated in vacuo. Flash chromatography 
(AcOEt:Hexane = 2:1) of residue gave 8 (3.14 g, 89%). MS (EI) 354 (M+). 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-2-chloro-N-methyl-3-pyridinecarboxamide 
(9). To a solution of 2-chloronicotinic acid (1.58 g, 10.0 mmol) in CH2Cl2 (10 mL), 
N-[3,5-bis(trifluoromethyl)benzyl]-N-methylamine (2.57 g, 9.99 mmol) and EDCI (1.92 
g, 10.0 mmol) was added, and the mixture was stirred at room temperature for 3 h. The 
resulting mixture was diluted with ethyl acetate, and was washed with sat. aq. NaHCO3, 
and dried over Na2SO4, and then concentrated in vacuo. Flash chromatography 
(AcOEt:Hexane = 3:1) of residue gave 9 (1.04 g, 26%). HRMS (EI) calcd for 
C16H11ClF6N2O (M
+) 396.0464, found 396.0449. 
 
3-[3,5-Bis(trifluoromethyl)benzyloxy]-2-phenylpyridine (10). To a solution of 
compound 7 (100 mg, 0.250 mmol) and phenylboronic acid (45.7 mg, 0.375 mmol) in 
toluene (1 mL) and 1,4-dioxane (1 mL), 2 M Na2CO3 (1 mL) and Pd(PPh3)4 (14.5 mg, 
12.5 mol) was added, and then the mixture was stirred under reflux for 3 h. The 
reaction mixture was cooled to room temperature, and diluted with ethyl acetate, then 
washed with 2 M Na2CO3 and brine, and dried over Na2SO4, filtered, then concentrated 
in vacuo. Flashchromatography (AcOEt:Hexane = 2:1) of residue gave 10 (80.0 mg, 
81 %). HRMS (EI) calcd for C20H13F6NO (M
+) 397.0901, found 397.0901. 
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3-[3,5-Bis(trifluoromethyl)benzylamino]-2-phenylpyridine (11). The compound 11 
(89.1 mg, 74%) was prepared from 8 (107 mg, 0.302 mmol) in a manner similar to that 





(12). The compound 12 (191 mg, 90%) was prepared from 9 (192 mg, 0.484 mmol) in a 
manner similar to that described for the preparation of 10. HRMS (EI) calcd for 
C22H16F6N2O (M
+) 438.1167, found 438.1172. 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-N-methyl-1-oxo-2-phenyl-3-pyridinecarbox- 
amide (13). To a solution of 12 (254 mg, 0.579 mmol) in dichloromethane (5 mL), 
mCPBA (150 mg, 0.869 mmol) was added portionwise under ice cooling. The mixture 
was stirred for 30 min at 0oC and then for 24 h at room temperature. 
Flashchromatography (AcOEt: MeOH = 5: 1 v/v) of the mixture gave 13 (233 mg, 89%). 
1H-NMR (400 MHz, CDCl3)  2.57 (2.5H, s), 2.71 (0.5H, s), 3.75–4.80 (2H, m), 
7.25–7.37 (5H, m), 7.47–7.53 (4H, m), 7.80 (1H, s), 8.35–8.40 (1H, m). 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-6-chloro-N-methyl-2-phenyl-3-pyridinecar- 
boxamide (14). The compound 13 (200 mg, 0.440 mmol) was added to phosphorus 
oxychloride (2 mL), and the mixture was refluxed for 2 h. After concentrated in vacuo, 
the residue was poured into H2O , and the mixture was extracted with ethyl acetate. The 
combined extracts dried over anhydrous Na2SO4, filtered, and then concentrated in 
vacuo. Flashchromatography (Hexane: AcOEt = 5: 1 v/v) of the mixture gave 14 (128 
mg, 62%). HRMS (EI) calcd for C22H15ClF6N2O (M
+) 472.0777, found 472.0775. 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-N-methyl-6-morpholino-2-phenyl-3-pyridine-
carboxamide (15). The compound 13 (64.5 mg, 0.142 mmol) was added to phosphorus 
oxychloride (1 mL), and the mixture was refluxed for 2 h. After concentrated in vacuo, 
the residue was poured into H2O , and the mixture was extracted with ethyl acetate. The 
combined extracts dried over anhydrous Na2SO4, filtered, and then concentrated in 
vacuo. The residue was heated with morpholine (2.0 mg, 23 mmol) at 140oC for 5 h. 
The resulting mixture was diluted with ethyl acetate, then washed with water and brine. 
The organic layer was dried over anhydrous Na2SO4, filtered, then concentrated in 
vacuo. Flashchromatography (AcOEt:Hexane = 2:1) of residue gave 15 as a colorless 
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foam (49.0 mg, 66 %). HRMS (EI) calcd for C26H23F6N3O2 (M
+) 523.1694, found 
523.1702. 
 
2-Chloro-4-iodo-3-pyridinecarboxylic acid (18). To a solution of LDA (prepared by 
reaction of diisopropylamine (14.6 mL, 0.104 mol) in THF (200 mL) and n-butyllithium 
(69.5 mL, 1.5 M, 0.104 mol) at –20oC for 30 min.), a solution of 
2-chloro-3-iodopyridine (23.8 g, 99.3 mmol) in THF (100 mL) was added at –78oC. The 
mixture was stirred at the same temperature for 5 h, and then introduced CO2 gas for 1 h. 
After the reaction was quenched by the addition of water (10 mL) and 2 N HCl (200 
mL), the mixture was extracted with ethyl acetate. The combined extracts dried over 
anhydrous Na2SO4, filtered, and then concentrated in vacuo. The residue was 
recrystallized from ethyl acetate to afford 18 as a pale yellow crystals (22.7 g, 81 %). 
Mp: 159–161oC. 1H-NMR (400 MHz, CDCl3)   7.76 (1H, d, J = 5.4 Hz), 8.09 (1H, d, 
J = 5.4 Hz). HRMS (EI) calcd for C6H3ClINO2 (M
+) 282.8897, found 282.8896. Anal. 
Calcd for C6H3ClINO2: C 25.42, H 1.07, N 4.94; Found: C 25.36, H 0.97, N 4.71. 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-2-chloro-4-iodo-N-methyl-3-pyridinecarbox- 
amide (19). To a mixture of 18 (142 mg, 0.501 mmol) and thionyl chloride (1 mL), one 
drop of DMF was added and the mixture was refluxed for 2 h. The mixture was 
concentrated. The solution of the residue in THF (1 mL) was added dropwise to a 
solution of N-[3,5-bis(trifluoromethyl)benzyl]-N-methylamine (154 g, 0.599 mmol) and 
triethylamine (0.5 mL) in THF (5 mL) at 0oC. The mixture was stirred for 1 h at 0oC and 
then for 3 h at room temperature. The resulting mixture was diluted with ethyl acetate, 
then washed with water and brine. The organic layer was dried over anhydrous Na2SO4, 
filtered, then concentrated in vacuo. Flash chromatography (AcOEt:Hexane = 1:1) of 
residue gave 19 (273 g, 99%). HRMS (FAB+) calcd for C16H11ClIF6N2O (M
++1) 
522.9509, found 522.9510. 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-2-chloro-4-methoxy-N-methyl-3-pyridinecar-
boxamide (20) and N-[3,5-Bis(trifluoromethyl)benzyl]-2-methoxy-4-iodo-N-methyl- 
3-pyridinecarboxamide (21). To a solution of compound 19 (160 mg, 0.306 mmol) in 
THF (1 mL), MeOK (85.8 mg, 1.22 mmol) was added at 0oC, and the mixture was 
stirred at room temperature for 24 h. The reaction mixture was cooled at 0oC, and water 
was added. The resulting mixture was diluted with ethyl acetate, then washed with 
water and brine. The organic layer was dried over anhydrous Na2SO4, filtered, then 
concentrated in vacuo. Flash chromatography (AcOEt:Hexane = 2:1) of residue gave 20 
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(62.0 g, 47%) and 21 (25.0 g, 16%).  
HRMS (FAB+) calcd for C17H14ClF6N2O2 (M
++1) 427.0648, found 427.0692.  
HRMS (FAB+) calcd for C17H14IF6N2O2 (M
++1) 519.0004, found 519.9962. 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-4-methoxy-N-methyl-2-phenyl-3-pyridinecar-
boxamide (22). The compound 22 (136 mg, 96%) was prepared from 20 (129 mg, 
0.302 mmol) in a manner similar to that described for the preparation of 10. HRMS (EI) 
calcd for C23H18F6N2O2 (M
+) 468.1272, found 468.1255. 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-4-methoxy-N-methyl-1-oxo-2-phenyl-3-pyri- 
dinecarboxamide (23). The compound 23 (134 mg, 99%) was prepared from 22 (130 
mg, 0.278 mmol) in a manner similar to that described for the preparation of 13. HRMS 
(EI) calcd for C23H18F6N2O3 (M
+) 484.1222, found 484.1212. 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-4-methoxy-N-methyl-6-morpholino-2-phenyl-
3-pyridinecarboxamide (25). The compound 25 (42.0 mg, 27%) was prepared from 23 
(134 mg, 0.277 mmol) in a manner similar to that described for the preparation of 15. 
HRMS (FAB+) calcd for C27H26F6N3O3 (M
++1) 554.1878, found 554.1855. 
 
N-[3,5-Bis(trifluoromethyl)benzyl]-2-chloro-N-(3-hydroxypropyl)-4-iodo-3-pyri-
dinecarboxamide (43). To a mixture of 18 (8.40 g, 29.6 mmol) and thionyl chloride (20 
mL), three drops of DMF was added and the mixture was refluxed for 2 h. The mixture 
was concentrated. The solution of the residue in THF (150 mL) was added dropwise to a 
solution of 3-[[3,5-bis(trifluoromethyl)benzyl]amino]-1-propanol (10.7 g, 35.5 mmol) 
and triethylamine (20 mL) in THF (50 mL) at 0oC. The mixture was stirred for 1 h at 
0oC and then for 2 h at room temperature. The resulting mixture was diluted with ethyl 
acetate, then washed with water and brine. The organic layer was dried over anhydrous 
Na2SO4, filtered, then concentrated in vacuo. Flash chromatography (AcOEt:Hexane = 
3:1) of residue gave 43 as a colorless solid (15.4 g, 92%). Mp: 99–102oC. 1H-NMR (400 
MHz, CDCl3) . HRMS (EI) calcd for C18H14ClF6N2O2 (M
+) 565.9693, found 565.9731. 




1,5-oxazocin-6-one (44). To a solution of compound 43 (1.74 g, 3.07 mmol) in EtOH 
(30 mL), K2CO3 (2.12 g, 15.3 mmol) was added, and the mixture was stirred under 
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reflux for 6 h. The resulting mixture was extracted with ethyl acetate, and the extract 
was washed with brine, and dried over Na2SO4. The solvent was evaporated, and the 
residue was purified by silica gel chromatography (AcOEt: Hexane = 2: 1 v/v) to give 
compound 44 (950 mg, 71%). Mp: 197–200oC. 1H-NMR (400 MHz, CDCl3)  
1.97–2.18 (2H, m), 3.23–3.32 (1H, m), 3.63–3.74 (1H, m), 4.06 (1H, d, J = 15 Hz), 
4.22–4.30 (1H, m), 4.44–4.53 (1H, m), 5.64 (1H, d, J = 15 Hz), 6.80 (1H, d, J = 5.5 Hz), 
7.84 (1H, s), 7 88 (2H, s), 8.17 (1H, d, J = 5.5 Hz). HRMS (EI) calcd for 
C18H13ClF6N2O2 (M
+) 438.0570, found 438.0571. Anal. Calcd for C18H13ClF6N2O2 
H2O: C 47.33, H 2.87, N 6.13; Found: C 47.17, H 2.88, N 6.33. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-iodo-3,4,5,6-tetrahydro-2H-pyrido[2,3-b]- 
1,5-oxazocin-6-one (45). To a solution of compound 43 (6.86 g, 12.1 mmol) in THF (60 
mL) NaH (581 mg, 14.5 mmol) was added at 0oC, and the mixture was stirred at 0oC for 
0.5 h and then at room temperature for 1 h. The reaction mixture was cooled at 0oC, and 
water was added. Following the work-up procedure as described above afforded 
compound 45 (2.69 g, 42%). Mp: 203–206oC. 1H-NMR (400 MHz, CDCl3)  1.73–1.81 
(1H, m), 2.21–2.34 (1H, m), 3.18–3.27 (1H, m), 3.40–3.50 (1H, m), 4.14 (1H, d, J = 16 
Hz), 4.22–4.30 (1H, m), 4.46–4.68 (1H, m), 5.71 (1H, d, J = 16 Hz), 7.69 (1H, d, J = 
5.3 Hz), 7.83 (1H, s), 7.94 (2H, s), 8.01 (1H, d, J = 5.3 Hz). HRMS (EI) calcd for 
C18H13F6IN2O2 (M
+) 529.9926, found 529.9907. Anal. Calcd for C18H13IF6N2O2: C 
40.78, H 2.47, N 5.28; Found: C 40.88, H 2.30, N 5.19. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-phenyl-3,4,5,6-tetrahydro-2H-pyrido[4,3-b]-
[1,5]oxazocin-6-one (50). The compound 50 (427 mg, 60 %) was prepared from 44 
(650 mg, 1.48 mmol) in a manner similar to that described for the preparation of 10. 
Mp: 148–151oC. 1H-NMR (400 MHz, CDCl3)  1.97–2.18 (2H, m), 3.39–3.47 (1H, m), 
3.38–3.98 (1H, m ), 4.12 (1H, d, J = 15.3 Hz), 4.13–4.22 (1H, m), 4.43–4.50 (1H, m), 
5.38 (1H, d, J = 15.3 Hz), 6.87 (1H, d, J = 5.5 Hz), 7.25–7.43 (5H, m), 7.76 (2H, s), 
7.86 (1H, s), 8.49 (1H, d, J = 5.5 Hz). HRMS (EI) calcd for C24H18F6N2O2 (M
+) 
480.1272, found 480.1261. Anal. Calcd for C24H18F6N2O2 
1/5 H2O: C 59.56, H 3.75, N 
5.79; Found: C 59.40, H 3.75, N 5.66. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-methylphenyl)-3,4,5,6-tetrahydro-2H-py-
rido[4,3-b]-1,5-oxazocin-6-one (55). The compound 55 (330 mg, 98%) was prepared 
from 44 (300 mg, 0.684 mmol) in a manner similar to that described for the preparation 
of 10. Mp: 151–154oC. 1H-NMR (400 MHz, CDCl3)  1.95–2.12 (2H, m), 2.18 (3H, s), 
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3.24–3.32 (1H, m), 3.75–3.85 (1H, m), 3.91 (1H, d, J = 15.3 Hz), 4.19–4.27 (1H, m), 
4.38–4.46 (1H, m), 5.33 (1H, d, J = 15.3 Hz), 6.85 (1H, d, J = 5.5 Hz), 6.92–7.09 (2H, 
m), 7.18–7.25 (2H, m), 7.57 (2H, s), 7.81 (1H, s), 8.44 (1H, d, J = 5.5 Hz).  HRMS 
(EI) calcd for C25H20F6N2O2 (M
+) 494.1429, found 494.1443. Anal. Calcd for 
C25H20F6N2O2 
1/5H2O: C 60.29, H 4.05, N 5.62; Found: C 60.01, H 4.07, N 5.40. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-fluorophenyl)-3,4,5,6-tetrahydro-2H-py- 
rido[4,3-b]-1,5-oxazocin-6-one (51). The compound 51 (305 mg, 87 %) was prepared 
from 44 (300 mg, 0.684 mmol) in a manner similar to that described for the preparation 
of 10. Mp: 149–153oC. 1H-NMR (400 MHz, CDCl3)  1.83–2.02 (1H, m), 2.04–2.17 
(1H, m), 3.35 (1H, ddd, J = 15.9, 3.7 and 3.7 Hz), 3.81–3.93 (1H, m), 4.08 (1H, d, J = 
15.3 Hz), 4.18 (1H, ddd, J = 12.8, 4.3 and 4.3 Hz), 5.38 (1H, d, J = 15.3 Hz), 6.93 (1H, 
d, J = 5.5 Hz), 6.92–6.98 (1H, m), 7.20 (1H, t, J = 7.9 Hz), 7.29–7.36 (1H, m), 7.51 (1H, 
t, J = 7.9 Hz), 7.73 (2H, s), 7.83 (1H, s), 8.53 (1H, d, J = 5.5 Hz).  HRMS (EI) calcd 
for C24H17F7N2O2 (M
+) 498.1178, found 498.1173. Anal. Calcd for C24H17F7N2O2: C 
57.84, H 3.44, N 5.62; Found: C 57.70, H 3.41, N 5.44. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-chlorophenyl)-3,4,5,6-tetrahydro-2H-py-
rido[4,3-b]-1,5-oxazocin-6-one (53). The compound 53 (291 mg, 83 %) was prepared 
from 44 (300 mg, 0.684 mmol) in a manner similar to that described for the preparation 
of 10. Mp: 165–168oC. 1H-NMR (400 MHz, CDCl3)  2.00–2.08 (2H, m), 3.24–3.32 
(1H, m), 3.80–3.90 (1H, m), 3.95 (1H, d, J = 15.3 Hz), 4.23 (1H, ddd, J = 13.4, 4.3 and 
4.3 Hz), 4.40–4.50 (1H, m), 5.33 (1H, d, J = 15.3 Hz), 6.91 (1H, d, J = 5.5 Hz), 
7.22–7.57 (4H, m), 7.62 (2H, s), 7.80 (1H, s), 8.48 (1H, d, J = 5.5 Hz).  HRMS (FAB+) 
calcd for C24H18ClF6N2O2 (M
++1) 515.0961, found 515.0988. Anal. Calcd for 
C24H17ClF6N2O2: C 55.99, H 3.33, N 5.44; Found: C 55.67, H 3.25, N 5.28. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-phenyl-3,4,5,6-tetrahydro-2H-pyrido[2,3-b]-
1,5-oxazocin-6-one (36). The compound 36 (729 mg, 80 %) was prepared from 45 
(1.00 g, 1.89 mmol) in a manner similar to that described for the preparation of 10. Mp: 
185–186oC. 1H-NMR (400 MHz, CDCl3)   1.73–1.82 (1H, m), 2.26–2.39 (1H, m), 
3.32–3.40 (1H, m), 3.69–3.78 (1H, m), 4.17 (1H, d, J = 15.3 Hz), 4.27–4.37 (1H, m), 
4.63–4.70 (1H, m), 5.51 (1H, d, J = 15.3 Hz), 7.16 (1H, d, J = 5.5 Hz), 7.25–7.70 (5H, 
m), 7.71 (2H, s), 7.83 (1H, s), 8.41 (1H, d, J = 5.5 Hz).  HRMS (EI) calcd for 
C24H18F6N2O2 (M
+) 480.1272, found 480.1286. Anal. Calcd for C24H18F6N2O2: C 60.00, 
H 3.78, N 5.83; Found: C 59.83, H 3.71, N 5.76. 
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5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-methylphenyl)-3,4,5,6-tetrahydro-2H-py-
rido[2,3-b]-1,5-oxazocin-6-one (56). The compound 56 (278 mg, 99%) was prepared 
from 45 (300 mg, 0.566 mmol) in a manner similar to that described for the preparation 
of 10. Mp: 138–142oC.  1H-NMR (400 MHz, CDCl3)   1.75–1.97 (2H, m), 2.17–2.34 
(3H, brs), 3.17–3.32 (1H, m), 3.50–3.73 (1H, m), 4.02 (1H, d, J = 15.3 Hz), 4.31–4.41 
(1H, m), 4.60–4.68 (1H, m), 5.44 (1H, d, J = 15.3 Hz), 6.73–7.70 (5H, m), 7.02 (1H, d, 
J = 4.9 Hz), 7.78 (1H, s), 8.40 (1H, d, J = 4.9 Hz).  HRMS (FAB) calcd for 
C25H20F6N2O2 (M
++1) 494.1429, found 494.1441. Anal. Calcd for C25H20F6N2O2: C 
60.73, H 4.08, N 5.67; Found: C 60.88, H 4.01, N 5.32. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-fluorophenyl)-3,4,5,6-tetrahydro-2H-py- 
rido[2,3-b]-1,5-oxazocin-6-one (52). The compound 52 (218 mg, 77 %) was prepared 
from 45 (300 mg, 0.566 mmol) in a manner similar to that described for the preparation 
of 10. Mp: 182–183oC. 1H-NMR (400 MHz, CDCl3)   1.68–1.77 (1H, m), 2.26–2.40 
(1H, m), 3.31 (1H, dd, J = 15.3 and 3.7 Hz), 3.72 (1H, dd, J = 15.3 and 11.6 Hz), 4.17 
(1H, d, J = 15.3 Hz), 4.35 (1H, ddd, J = 11.6, 11.6 and 3.7 Hz), 4.46–4.73 (1H, m), 5.48 
(1H, d, J = 15.3 Hz), 7.05 (1H, d, J = 7.9 Hz), 7.14 (1H, t, J = 4.9 Hz), 7.22 (1H, t, J = 
7.9 Hz), 7.33–7.42 (2H, m), 7.74 (2H, s), 7.82 (1H, s), 8.47 (1H, d, J = 4.9 Hz).  
HRMS (EI) calcd for C24H17F7N2O2 (M
+) 498.1178, found 498.1168. Anal. Calcd for 
C24H17F7N2O2: C 57.84, H 3.44, N 5.62; Found: C 57.78, H 3.40, N 5.49. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-chlorophenyl)-3,4,5,6-tetrahydro-2H-py-
rido[2,3-b]-1,5-oxazocin-6-one (54). The compound 54 (254 mg, 87 %) was prepared 
from 45 (300 mg, 0.566 mmol) in a manner similar to that described for the preparation 
of 10. Mp: 175–178oC. 1H-NMR (400 MHz, CDCl3)  1.69–1.80 (1H, m), 2.22–2.36 
(1H, m), 3.17–3.28 (1H, m), 3.63–3.73 (1H, m), 4.07 (1H, d, J = 15.3 Hz), 4.32–4.42 
(1H, m), 4.63–4.72 (1H, m), 5.44 (1H, d, J = 15.3 Hz), 7.01–7.08 (1H, m), 7.05 (1H, 
brd, J = 4.9 Hz), 7.62 (2H, s), 7.78 (1H, s), 8.46 (1H, d, J = 4.9 Hz).  HRMS (FAB+) 
calcd for C24H18ClF6N2O2 (M
++1) 515.0961, found 515.0932. Anal. Calcd for 
C24H17ClF6N2O2: C 55.99, H 3.33, N 5.44; Found: C 55.88, H 3.27, N 5.28. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-methoxyphenyl)-3,4,5,6-tetrahydro-2H- 
pyrido[2,3-b]-1,5-oxazocin-6-one (57). The compound 57 (1.65 g, 86 %) was prepared 
from 45 (2.00 g, 3.77 mmol) in a manner similar to that described for the preparation of 
10. Mp: 172–176oC. 1H-NMR (400 MHz, CDCl3)   1.67–1.76 (1H, m), 2.25–2.38 
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(1H, m), 3.31 (1H, dd, J = 15.3 and 3.7 Hz), 3.77 (1H, dd, J = 15.9 and 12.2 Hz), 4.21 
(1H, d, J = 15.3 Hz), 4.32 (1H, ddd, J = 12.2, 12.2 and 3.7 Hz), 4.69 (1H, dd, J = 12.8 
and 4.3 Hz), 5.30 (1H, d, J = 15.3 Hz), 6.82 (1H, d, J = 7.9 Hz), 7.03 (1H, t, J = 7.9 Hz), 
7.09 (1H, t, J = 4.9 Hz), 7.20–7.25 (1H, m), 7.37 (1H, ddd, J = 7.9, 7.9 and 1.8 Hz), 
7.74 (2H, s), 7.81 (1H, s), 8.41 (1H, d, J = 4.9 Hz).  HRMS (EI) calcd for 
C25H20F6N2O3 (M
+) 510.1378, found 510.1397. Anal. Calcd for C25H20F6N2O3: C 58.83, 
H 3.95, N 5.49; Found: C 58.55, H 3.88, N 5.32. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-8-oxo-7-phenyl-3,4,5,6-tetrahydro-2H-pyrido-
[4,3-b]-1,5-oxazocin-6-one (58). To a solution of 50 (327 mg, 0.681 mmol) in 
dichloromethane (5 mL), mCPBA (235 mg, 1.36 mmol) was added portionwise under 
ice cooling. The mixture was stirred for 30 min at 0oC and then for 24 h at room 
temperature. Flashchromatography (CH2Cl2: MeOH = 3: 1 v/v) of the mixture gave 58 
(148 mg, 44%). Mp: 237–239oC. 1H-NMR (400 MHz, CDCl3)  1.92–2.02 (1H, m), 
2.07–2.20 (1H, m), 3.37 (1H, ddd, J = 15.3, 3.7 and 3.7 Hz), 3.78–3.88 (1H, m), 4.00 
(1H, d, J = 15.3 Hz), 4.11 (1H, ddd, J = 12.8, 6.7 and 3.7 Hz), 4.51 (1H, ddd, J = 12.8, 
6.7 and 4.3 Hz), 5.28 (1H, d, J = 15.3 Hz), 6.94 (1H, d, J = 7.3 Hz), 7.28–7.43 (5H, m), 
7.56 (2H, s), 7.82 (1H, s), 8.26 (1H, d, J = 7.3 Hz). HRMS (FAB+) calcd for 
C24H19F6N2O3 (M
++1) 497.1300, found 497.1303. Anal. Calcd for C24H18F6N2O3 
1/5 
H2O: C 57.65, H 3.63, N 5.60; Found: C 57.48, H 3.63, N 5.44. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-methylphenyl)-8-oxo-3,4,5,6-tetrahydro-
2H-pyrido[4,3-b]-1,5-oxazocin-6-one (59). The compound 59 (259 mg, 70%) was 
prepared from 55 (360 mg, 0.728 mmol) in a manner similar to that described for the 
preparation of 63. Mp: 175–177oC. 1H-NMR (400 MHz, CDCl3)  1.95–2.15 (2H, m), 
2.36 (3H, s), 1.31–3.38 (1H, m), 3.77–3.86 (1H, m), 3.94 (1H, d, J = 14.7 Hz), 
4.12–4.20 (1H, m), 4.44–4.51 (1H, m), 5.25 (1H, d, J = 14.7 Hz), 6.79 (1H, d, J = 7.3 
Hz), 6.94 (1H, d, J = 7.3 Hz), 7.01–7.07 (1H, m), 7.24–7.37 (3H, m), 7.53 (2H, s), 7.82 
(1H, s), 8.24 (1H, d, J = 7.3 Hz). HRMS (EI) calcd for C25H20F6N2O3 (M
+) 510.1378, 
found 510.1413. Anal. Calcd for C25H20F6N2O3 H2O: C 56.82, H 3.81, N 5.30; Found: C 
57.00, H 3.83, N 5.27. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-10-oxo-7-phenyl-3,4,5,6-tetrahydro-2H-pyri- 
do[2,3-b]-1,5-oxazocin-6-one (60). The compound 60 (411 mg, 54 %) was prepared 
from 36 (729 mg, 1.52 mmol) in a manner similar to that described for the preparation 
of 63. Mp: 207–210oC. 1H-NMR (400 MHz, CDCl3)   1.77–1.84 (1H, m), 2.35–2.48 
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(1H, m), 3.46 (1H, dd, J = 15.9 and 6.1 Hz), 3.79 (1H, dd, J = 15.9 and 11.6 Hz), 4.19 
(1H, d, J = 15.3 Hz), 4.30 (1H, ddd, J = 12.8, 12.8 and 3.7 Hz), 4.79 (1H, dd, J = 12.8 
and 5.5 Hz), 5.51 (1H, d, J = 15.3 Hz), 7.16 (1H, d, J = 6.7 Hz), 7.24–7.69 (5H, m), 
7.71 (2H, s), 7.85 (1H, s), 8.35 (1H, d, J = 6.7 Hz).  HRMS (FAB+) calcd for 
C24H19F6N2O3 (M
++1) 497.1300, found 497.1291. Anal. Calcd for C24H18F6N2O3 
1/2 
H2O: C 57.03, H 3.59, N 5.54; Found: C 57.43, H 3.54, N 5.39. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-methylphenyl)-10-oxo-3,4,5,6-tetrahy- 
dro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (63). The compound 63 (231 mg, 83%) was 
prepared from 56 (270 mg, 0.546 mmol) in a manner similar to that described for the 
preparation of 63. Mp: 188–191oC. 1H-NMR (400 MHz, CDCl3)  1.75–1.84 (1H, m), 
1.90–2.44 (4H, m), 3.27–3.38 (1H, m), 3.57–3.75 (1H, m), 4.06 (1H, d, J = 15.3 Hz), 
4.28–4.39 (1H, m), 4.73–4.81 (1H, m), 5.45 (1H, d, J = 15.3 Hz), 6.68–7.33 (4H, m), 
7.01 (1H, d, J = 6.7 Hz), 7.52 (2H, s), 7.79 (1H, s), 8.31 (1H, d, J = 6.7 Hz).  HRMS 
(EI) calcd for C25H21F6N2O3 (M
+) 511.1456, found 511.1469. Anal. Calcd for 
C25H20F6N2O3 
1/5H2O: C 58.41, H 3.92, N 5.45; Found: C 58.03, H 3.79, N 5.38. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-fluorophenyl)-10-oxo-3,4,5,6-tetrahydro-
2H-pyrido[2,3-b]-1,5-oxazocin-6-one (62). The compound 62 (178 mg, 72 %) was 
prepared from 52 (238 mg, 0.478 mmol) in a manner similar to that described for the 
preparation of 63. Mp: 201–204oC. 1H-NMR (400 MHz, CDCl3)   1.72–1.80 (1H, m), 
2.34–2.48 (1H, m), 3.39 (1H, dd, J = 15.9 and 6.1 Hz), 3.76 (1H, dd, J = 15.9 and 12.2 
Hz), 4.20 (1H, d, J = 15.3 Hz), 4.28 (1H, ddd, J = 12.8, 12.8 and 3.7 Hz), 4.81 (1H, dd, 
J = 12.8 and 6.1 Hz), 5.48 (1H, d, J = 15.3 Hz), 7.00–7.08 (1H, m), 7.12 (1H, d, J = 6.7 
Hz), 7.23 (1H, dd, J = 7.3 and 1.2 Hz), 7.33–7.44 (2H, m), 7.75 (2H, s), 7.84 (1H, s), 
8.36 (1H, d, J = 6.7 Hz).  HRMS (FAB+) calcd for C24H18F7N2O3 (M
++1) 515.1206, 
found 515.1189. Anal. Calcd for C24H17F7N2O3 
1/2 H2O: C 55.07, H 3.27, N 5.35; 
Found: C 55.13, H 3.21, N 5.37. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-chlorophenyl)-10-oxo-3,4,5,6-tetrahydro-
2H-pyrido[2,3-b]-1,5-oxazocin-6-one (61). The compound 61 (207 mg, 80 %) was 
prepared from 54 (250 mg, 0.486 mmol) in a manner similar to that described for the 
preparation of 63. Foam. 1H-NMR (400 MHz, CDCl3)   1.72–1.82 (1H, m), 2.32–2.45 
(1H, m), 3.26–3.37 (1H, m), 3.72 (1H, dd, J = 15.9 and 11.6 Hz), 4.09 (1H, d, J = 15.3 
Hz), 4.34 (1H, ddd, J = 12.8, 12.8 and 3.7 Hz), 4.80 (1H, dd, J = 12.8 and 5.5 Hz), 5.45 
(1H, d, J = 15.3 Hz), 6.99–7.07 (1H, m), 7.30–7.45 (3H, m), 7.61 (2H, s), 7.80 (1H, s), 
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8.37 (1H, d, J = 6.8 Hz).  HRMS (FAB+) calcd for C24H18ClF6N2O3 (M
++1) 531.0910, 
found 531.0877. Anal. Calcd for C24H17ClF6N2O3 
4/3 H2O: C 51.95, H 3.09, N 5.05; 
Found: C 52.17, H 3.09, N 4.65. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-chloro-7-phenyl-3,4,5,6-tetrahydro-2H-pyr- 
ido[4,3-b]-1,5-oxazocin-6-one (64). The compound 58 (143 mg, 0.288 mmol) was 
added to phosphorus oxychloride (2 mL), and the mixture was refluxed for 1 h. 
Concentration of the mixture gave 64 (147 mg, 99%). Foam. 1H-NMR (400 MHz, 
CDCl3)   2.00–2.16 (2H, m), 3.44 (1H, ddd, J = 15.3, 3.7 and 3.7 Hz), 3.90 (1H, ddd, 
J = 15.3, 11.0 and 4.9 Hz), 4.09 (1H, d, J = 15.3 Hz), 4.20 (1H, ddd, J = 12.4, 4.3 and 
4.3 Hz), 4.41–4.50 (1H, m), 5.35 (1H, d, J = 15.3 Hz), 6.91 (1H, s), 7.22–7.43 (5H, m), 
7.74 (2H, s), 7.86 (1H, s).  HRMS (EI) calcd for C24H17ClF6N2O2 (M
+) 514.0883, 
found 514.0920. Anal. Calcd for C24H17ClF6N2O2 
1/10 H2O: C 55.60, H 3.31, N 5.40; 
Found: C 55.37, H 3.24, N 5.20. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-chloro-7-(2-methylphenyl)-3,4,5,6-tetrahy- 
dro-2H-pyrido[4,3-b]-1,5-oxazocin-6-one (65). The compound 65 (252 mg, 99%) was 
prepared from 58 (243 mg, 0.476 mmol) in a manner similar to that described for the 
preparation of 64. Foam. 1H-NMR (400 MHz, CDCl3)  1.94–2.31 (2H, m), 2.20 (3H, 
S), 3.28–3.36 (1H, m), 3.72–3.83 (1H, m), 3.89 (1H, d, J = 15.3 Hz), 4.27–4.33 (1H, m), 
4.39–4.48 (1H, m), 5.27 (1H, d, J = 15.3 Hz), 6.92–6.99 (2H, m), 6.99–7.07 (1H, m), 
7.17–7.25 (2H, m), 7.54 (2H, s), 7 81 (1H, s). HRMS (EI) calcd for C25H19ClF6N2O2 
(M+) 528.1039, found 528.1013. Anal. Calcd for C25H19ClF6N2O2 7H2O: C 45.84, H 
2.92, N 4.28; Found: C 46.17, H 3.28, N 4.14. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-chloro-7-phenyl-3,4,5,6-tetrahydro-2H-pyr- 
ido[2,3-b]-1,5-oxazocin-6-one (66). The compound 66 (440 mg, 99 %) was prepared 
from 60 (400 mg, 0.806 mmol) in a manner similar to that described for the preparation 
of 64. Mp: 177–178oC. 1H-NMR (400 MHz, CDCl3)   1.78–1.88 (1H, m), 2.23–2.36 
(1H, m), 3.33–3.42 (1H, m), 3.69–3.79 (1H, m), 4.12 (1H, d, J = 15.3 Hz), 4.28–4.37 
(1H, m), 4.60–4.68 (1H, m), 5.46 (1H, d, J = 15.3 Hz), 7.19 (1H, s), 7.23–7.47 (5H, m), 
7.69 (2H, s), 7.83 (1H, s).  HRMS (EI) calcd for C24H17ClF6N2O2 (M
+) 514.0883, 
found 514.0865. Anal. Calcd for C24H17ClF6N2O2: C 55.99, H 3.33, N 5.44; Found: C 
55.98, H 3.24, N 5.25. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-chloro-7-(2-methylphenyl)-3,4,5,6-tetrahy- 
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dro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (69). The compound 69 (1.80 g, 98%) was 
prepared from 63 (1.77 g, 3.47 mmol) in a manner similar to that described for the 
preparation of 64. Foam. 1H-NMR (400 MHz, CDCl3)  1.81–1.94 (1H, m), 2.14–2.34 
(4H, m), 3.20–3.33 (1H, m), 3.40–3.73 (1H, m), 3.98 (1H, d, J = 15.3 Hz), 4.32–4.42 
(1H, m), 4.56–4.65 (1H, m), 5.40 (1H, d, J = 15.3 Hz), 6.68–7.38 (5H, m), 7.52 (2H, s), 
7.78 (1H, s).  HRMS (EI) calcd for C25H19ClF6N2O2 (M
+) 528.1039, found 528.1063. 
Anal. Calcd for C25H19ClF6N2O2 3H2O: C 51.51, H 3.29, N 4.81; Found: C 51.38, H 
3.43, N 4.74. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-chloro-7-(2-fluorophenyl)-3,4,5,6-tetrahy- 
dro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (68). The compound 68 (176 mg, 99 %) was 
prepared from 62 (170 mg, 0.330 mmol) in a manner similar to that described for the 
preparation of 64. Foam. 1H-NMR (400 MHz, CDCl3)   1.74–1.83 (1H, m), 2.24–2.38 
(1H, m), 3.29–3.37 (1H, m), 3.67–3.77 (1H, m), 4.13 (1H, d, J = 15.3 Hz), 4.30–4.40 
(1H, m), 4.64–4.72 (1H, m), 5.45 (1H, d, J = 15.3 Hz), 7.02–7.07 (1H, m), 7.18 (1H, s), 
7.21–7.26 (1H, m), 7.32–7.44 (2H, m), 7.72 (2H, s), 7.82 (1H, s).  HRMS (EI) calcd 
for C24H16ClF7N2O2 (M
+) 532.0789, found 532.0824. Anal. Calcd for C24H17ClF6N2O2: 
C 54.10, H 3.03, N 5.26; Found: C 53.86, H 2.98, N 4.91. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-chloro-7-(2-chlorophenyl)-3,4,5,6-tetrahy- 
dro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (67). The compound 67 (203 mg, 99 %) was 
prepared from 61 (196 mg, 0.370 mmol) in a manner similar to that described for the 
preparation of 64. Foam. 1H-NMR (400 MHz, CDCl3)   1.76–1.86 (1H, m), 2.18–2.34 
(1H, m), 3.20–3.30 (1H, m), 3.63–3.73 (1H, m), 4.03 (1H, d, J = 15.3 Hz), 4.33–4.42 
(1H, m), 4.60–4.70 (1H, m), 5.40 (1H, d, J = 15.3 Hz), 7.08 (1H, s), 7.29–7.50 (4H, m), 
7.61 (2H, s), 7.79 (1H, s).  HRMS (FAB+) calcd for C24H17Cl2F6N2O2 (M
++1) 
549.0571, found 549.0605. Anal. Calcd for C24H16Cl2F6N2O2: C 52.48, H 2.94, N 5.10; 
Found: C 52.42, H 2.87, N 4.72. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-morpholino-7-phenyl-3,4,5,6-tetrahydro- 
2H-pyrido[4,3-b]-1,5-oxazocin-6-one (70). The mixture of compound 64 (75.0 mg, 
0.146 mmol) and morpholine (2.0 mL, 23 mmol) was heated at 150oC for 5 h. The 
resulting mixture was diluted with ethyl acetate, then washed with water and brine. The 
organic layer was dried over anhydrous Na2SO4, filtered, then concentrated in vacuo. 
Flashchromatography (AcOEt:Hexane = 2:1) of residue gave 70 as a colorless foam 
(47.3 mg, 57 %). 1H-NMR (400 MHz, CDCl3)   1.84–1.93 (1H, m), 2.07–2.20 (1H, 
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m), 3.35–3.43 (1H, m), 3.50–3.63 (4H, m), 3.76–3.83 (4H, m), 3.92–4.01 (1H, m), 
4.03–4.10 (1H, m), 4.13 (1H, d, J = 15.3 Hz), 4.40–4.52 (1H, m), 5.40 (1H, d, J = 15.3 
Hz), 6.14 (1H, s), 7.24–7.37 (3H, m), 7.41–7.47 (2H, m), 7.78 (2H, s), 7.84 (1H, s). 
HRMS (EI) calcd for C28H25F6N3O3 (M
+) 565.1800, found 565.1761. Anal. Calcd for 
C28H25F6N3O3: C 59.47, H 4.46, N 7.43; Found: C 59.45, H 4.50, N 7.19. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-methylphenyl)-9-[4-(pyrrolidinyl)piperi-
dino]-3,4,5,6-tetrahydro-2H-pyrido[4,3-b]-1,5-oxazocin-6-one (71). The compound 
71 (48.0 m g, 39%) was prepared from 65 (100 mg, 0.189 mmol) in a manner similar to 
that described for the preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3):  
1.45–1.85 (6H, m), 1.85–2.08 (5H, m), 2.24 (3H, s), 2.52–2.65 (3H, m), 2.82–2.97 (2H, 
m), 3.18–3.28 (1H, m), 3.78–3.88 (1H, m), 3.93 (1H, d, J = 15.3 Hz), 4.06–4.16 (1H, m), 
4.16–4.45 (2H, m), 5.34 (1H, d, J = 15.3 Hz), 6.13 (1H, s), 6.92–7.01 (1H, m), 
7.01–7.09 (1H, m), 7.16–7.24 (2H, m), 7.58 (2H, s), 7.78 (1H, s). HRMS (EI): calcd for 
C34H36F6N4O2 (M
+) 646.2742, found 646.2723. Anal. Calcd for C34H36F6N4O2 
1/2 H2O C 
62.28, H 5.53, N 8.54; Found: C 62.05, H 5.73, N 8.18. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-morpholino-7-phenyl-3,4,5,6-tetrahydro- 
2H-pyrido[2,3-b]-1,5-oxazocin-6-one (72). The compound 72 (35.0 m g, 27%) was 
prepared from 66 (112 mg, 0.226 mmol) in a manner similar to that described for the 
preparation of 70. Mp: 186–188oC. 1H-NMR (400 MHz, CDCl3)   1.78–1.87 (1H, m), 
2.13–2.26 (1H, m), 3.27–3.36 (1H, m), 3.52–3.65 (4H, m), 3.75–3.83 (4H, m), 
3.83–3.92 (1H, m), 4.09 (1H, d, J = 15.3 Hz), 4.25–4.33 (1H, m), 4.50 (1H, ddd, J = 
12.8, 4.3 and 4.3 Hz), 5.42 (1H, d, J = 15.3 Hz), 6.34 (1H, s), 7.22–7.38 (5H, m), 7.69 
(2H, s), 7.81 (1H, s). HRMS (EI) calcd for C28H25F6N3O3 (M
+) 565.1800, found 
565.1773. Anal. Calcd for C28H25F6N3O3: C 59.47, H 4.46, N 7.43; Found: C 59.34, H 
4.37, N 7.37. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-phenyl-9-pyrrolidinyl-3,4,5,6-tetrahydro- 
2H-pyrido[2,3-b]-1,5-oxazocin-6-one (73). The compound 73 (20.0 m g, 47%) was 
prepared from 66 (40.0 mg, 77.7 mol) in a manner similar to that described for the 
preparation of 70. Mp: 201–202oC. 1H-NMR (400 MHz, CDCl3)   1.75–1.85 (1H, m), 
1.95–2.06 (4H, m), 2.12–2.26 (1H, m), 3.30 (1H,ddd, J = 15.3, 3.1 and 3.1 Hz), 
3.84–3.95 (1H, m), 4.09 (1H, d, J = 15.3 Hz), 4.30 (1H,ddd, J = 12.8, 9.7 and 3.7 Hz), 
4.50 (1H,ddd, J = 12.8, 4.9 and 4.9 Hz), 5.42 (1H, d, J = 15.3 Hz), 6.10 (1H, s), 
7.20–7.38 (5H, m), 7.70 (2H, s), 7.80 (1H, s). HRMS (FAB+) calcd for C28H26F6N3O2 
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(M+1+) 550.1929, found 550.1932. Anal. Calcd for C28H25F6N3O2: C 61.20, H 4.59, N 
7.65; Found: C 61.08, H 4.60, N 7.48. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-phenyl-9-piperidino-3,4,5,6-tetrahydro-2H-
pyrido[2,3-b]-1,5-oxazocin-6-one (74). The compound 74 (5.0 m g, 11%) was prepared 
from 66 (40.0 mg, 77.7 mol) in a manner similar to that described for the preparation 
of 70. Mp: 186–188oC. 1H-NMR (400 MHz, CDCl3)   1.57–1.72 (6H, m), 1.77–1.86 
(1H, m), 2.10–2.25 (1H, m), 3.25–3.33 (1H, m), 3.55–3.66 (4H, m), 3.85–3.95 (1H, m), 
4.09 (1H, d, J = 15.3 Hz), 4.24–4.33 (1H, m), 4.48 (1H, ddd, J = 12.8, 4.3 and 4.3 Hz), 
5.42 (1H, d, J = 15.3 Hz), 6.35 (1H, s), 7.22–7.37 (5H, m), 7.70 (2H, s), 7.80 (1H, s). 
HRMS (EI) calcd for C29H27F6N3O2 (M
+) 563.2007, found 563.2015. Anal. Calcd for 
C29H27F6N3O2: C 61.81, H 4.83, N 7.46; Found: C 61.71, H 4.77, N 7.36. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-(4-methylpiperazinyl)-7-phenyl-3,4,5,6-tet- 
rahydro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (75). The compound 75 (55.4 m g, 
48%) was prepared from 66 (100 mg, 0.201 mmol) in a manner similar to that described 
for the preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3)   1.77–1.87 (1H, m), 
2.11–2.25 (1H, m), 2.34 (3H, s), 2.46–2.53 (4H, m), 3.27–3.29 (1H, m), 3.57–3.71 (4H, 
m), 3.83–3.93 (1H, m), 4.09 (1H, d, J = 15.3 Hz), 4.25–4.33 (1H, m), 4.49 (1H, ddd, J = 
12.8, 4.3 and 4.3 Hz), 5.42 (1H, d, J = 15.3 Hz), 6.36 (1H, s), 7.22–7.40 (5H, m), 7.69 
(2H, s), 7.80 (1H, s). HRMS (EI) calcd for C29H28F6N4O2 (M
+) 578.2116, found 
573.2139. Anal. Calcd for C29H28F6N4O2 H2O: C 58.39, H 4.73, N 9.39; Found: C 58.65, 
H 4.81, N 9.48. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-phenyl-9-[4-(pyrrolidinyl)piperidino]- 
3,4,5,6-tetrahydro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (76). The compound 76 
(25.0 m g, 51%) was prepared from 66 (40.0 mg, 77.7 mol) in a manner similar to that 
described for the preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3)   1.50–1.90 
(8H, m), 1.92–2.03 (2H, m), 2.11–2.36 (2H, m), 2.52–2.70 (3H, m), 2.88–3.03 (2H, m), 
3.25–3.35 (1H, m), 3.82–3.93 (1H, m), 4.09 (1H, d, J = 15.3 Hz), 4.23–4.33 (2H, m), 
4.36–4.44 (1H, m), 4.49 (1H, ddd, J = 12.8, 4.3 and 4.3 Hz), 5.42 (1H, d, J = 15.3 Hz), 
6.37 (1H, s), 7.20–7.28 (2H, m), 7.28–7.38 (3H, m), 7.69 (2H, s), 7.80 (1H, s). HRMS 
(FAB+) calcd for C33H35F6N4O2 (M
++1) 633.2664, found 633.2638. Anal. Calcd for 
C33H34F6N4O2 H2O: C 60.92, H 5.27, N 8.61; Found: C 60.93, H 5.27, N 8.50. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-phenyl-9-[4-(piperidino)piperidino]-3,4,5,6-
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tetrahydro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (77). The compound 77 (24.0 m g, 
48%) was prepared from 66 (40.0 mg, 77.7 mol) in a manner similar to that described 
for the preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3)   1.40–1.98 (15H, m), 
2.11–2.25 (1H, m), 2.47–2.64 (3H, m), 2.82–2.92 (1H, m), 3.26–3.35 (1H, m), 
3.84–3.93 (1H, m), 4.09 (1H, d, J = 15.3 Hz), 4.23–4.33 (1H, m), 4.38–4.53 (2H, m), 
5.42 (1H, d, J = 15.3 Hz), 6.37 (1H, s), 7.20–7.38 (5H, m), 7.69 (2H, s), 7.80 (1H, s). 
HRMS (EI) calcd for C34H36F6N4O2 (M
+) 646.2742, found 646.2731. Anal. Calcd for 
C34H36F6N4O2 
1/2 H2O: C 62.28, H 5.53, N 8.54; Found: C 62.21, H 5.56, N 8.35. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-fluorophenyl)-9-[4-(pyrrolidinyl)piperi- 
dino]-3,4,5,6-tetrahydro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (79). The compound 
79 (63.4 m g, 52%) was prepared from 68 (100 mg, 0.187 mmol) in a manner similar to 
that described for the preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3)   
1.50–1.87 (8H, m), 1.93–2.04 (2H, m), 2.13–2.34 (2H, m), 2.53–2.69 (3H, m), 
2.91–3.05 (2H, m), 3.20–3.30 (1H, m), 3.77–3.88 (1H, m), 4.10 (1H, d, J = 15.3 Hz), 
4.23–4.35 (2H, m), 4.35–4.44 (1H, m), 4.48–4.56 (1H, m), 5.42 (1H, d, J = 15.3 Hz), 
6.37 (1H, s), 6.98–7.05 (1H, m), 7.14–7.20 (1H, m), 7.27–7.37 (2H, m), 7.71 (2H, s), 
7.79 (1H, s). HRMS (EI) calcd for C33H33F7N4O2 (M
+) 650.2492, found 650.2451. Anal. 
Calcd for C33H33F7N4O2 H2O: C 59.28, H 4.97, N 8.38; Found: C 59.25, H 4.83, N 8.24. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-chlorophenyl)-9-[4-(pyrrolidinyl)piperi- 
dino]-3,4,5,6-tetrahydro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (78). The compound 
78 (57.7 m g, 48%) was prepared from 67 (100 mg, 0.182 mmol) in a manner similar to 
that described for the preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3)   
1.49–1.86 (9H, m), 1.92–2.03 (2H, m), 2.10–2.32 (2H, m), 2.51–2.66 (3H, m), 
2.91–3.04 (2H, m), 3.12–3.23 (1H, m), 3.74–3.85 (1H, m), 4.02 (1H, d, J = 15.3 Hz), 
4.21–4.42 (2H, m), 4.45–4.56 (1H, m), 5.37 (1H, d, J = 15.3 Hz), 6.28 (1H, s), 
7.20–7.36 (3H, m), 7.38–7.44 (1H, m), 7.64 (2H, s), 7.76 (1H, s). HRMS (EI) calcd for 
C33H33ClF6N4O2 (M
+) 666.2196, found 666.2206. Anal. Calcd for C33H33ClF6N4O2 
1/2 
H2O: C 58.62, H 4.92, N 8.29; Found: C 58.22, H 4.89, N 8.09. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-7-(2-methylphenyl)-9-[4-(pyrrolidinyl)piperi-
dino]-3,4,5,6-tetrahydro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (80). The compound 
80 (58.2 m g, 48%) was prepared from 69 (100 mg, 0.190 mmol) in a manner similar to 
that described for the preparation of 70. Foam. This compound exists as a mixture of 
slowly interconverting conformational isomers (atropisomers). 1H-NMR (400 MHz, 
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CDCl3):  1.50–2.01 (10H, m), 2.04–2.20 (1H, m), 2.20–2.36 (3H, m), 2.54–2.67 (4H, 
m), 2.88–3.02 (2H, m), 3.11–3.23 (1H, m), 3.63–3.83 (1H, m), 3.94 (0.5H, d, J = 15.3 
Hz), 3.95 (0.5H, d, J = 15.3 Hz), 4.20–4.51 (4H, m), 5.36 (0.5H, d, J = 15.3 Hz), 5.39 
(0.5H, d, J = 15.3 Hz), 6.26 (1H, s), 6.79 (0.5H, d, J = 7.3 Hz), 7.02–7.09 (0.5H, br), 
7.10–7.16 (0.5H, br), 7.18–7.28 (2H, m), 7.28–7.33 (0.5H, br), 7.53 (2H, s), 7.76 (1H, s). 
HRMS (EI): calcd for C34H36F6N4O2 (M
+) 646.2742, found 646.2704. Anal. Calcd for 
C34H36F6N4O2 H2O: C 61.44, H 5.46, N 8.43; Found: C 61.57, H 5.33, N 8.37. 
 
4,6-Dichloro-2-morpholinopyrimidine (102). To a solution of 2-amino-4,6- 
dichloropyrimidine (2.46 g, 15.0 mmol) in DMF (75 mL), 2-bromoethylether (3.65 g, 
15.7 mmol) and K2CO3 (8.29 g, 60.0 mmol) was added, and the mixture was stirred 
under reflux for 3 h. Then the mixture was dilluted with AcOEt, and was washed with 
brine, and dried over Na2SO4, and then concentrated in vacuo. Flash chromatography 
(Hexane : AcOEt = 5:1) of residue gave 102 (985 mg, 28%). HRMS (EI) calcd for 
C8H9Cl2N3O (M
+) 233.0123, found 233.0152. 
 
4,6-Dichloro-2-morpholinopyrimidine-5-carboxylic acid (90). To a solution of 
LDA (prepared by reaction of diisopropylamine (0.70 mL, 5.0 mmol) in THF (25 mL) 
and n-butyllithium (3.1 mL, 1.60 M, 5.0 mmol) at –20oC for 30 min.) was added a 
solution of 102 (953 mg, 4.07 mmol) in THF (5 mL) at –78oC. The mixture was stirred 
at the same temperature for 4 h, and then introduced CO2 gas for 10 min. After the 
reaction was quenched by the addition of water and 2N HCl (8 mL), the mixture was 
extracted with ethyl acetate. The combined extracts dried over anhydrous Na2SO4, 
filtered, and then concentrated in vacuo. The residue was recrystallized from toluene to 
afford 90 as a pale yellow solid (1.93 g, 58 %). HRMS (EI) calcd for C9H9Cl2N3O3 (M
+) 
277.0021, found 277.0038. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-chloro-2-morpholino-6,7,8,9-tetrahydro- 
5H-pyrimido[4,5-b][1,5]oxazocin-5-one (103). To a mixture of 90 (1.10 g, 3.96 mmol) 
and thionyl chloride (3 mL) was added three drops of DMF and the mixture was 
refluxed for 2 h. The mixture was concentrated. The solution of the residue in THF (40 
mL) was added dropwise to a solution of 3-[[3,5-bis(trifluoromethyl)benzyl]amino]- 
1-propanol (1.25 g, 4.15 mmol) and triethylamine (1.7 mL) in THF (40mL) at 0oC. The 
mixture was stirred for 1 h at 0oC and then for 3 h at room temperature. The resulting 
mixture was diluted with ethyl acetate, then washed with water and brine. The organic 
layer was dried over anhydrous Na2SO4, filtered, then concentrated in vacuo. 
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Flashchromatography (AcOEt:Hexane = 1:1) of residue gave foam (1.83 g, 82%). To a 
solution of the residue (1.77 g, 3.15 mmol) in THF (30 mL) was added sodium hydride 
(150 mg, 3.75 mmol, 60% oil suspension) and the mixture was refluxed for 3 h. The 
resulting mixture was added H2O, and diluted with ethyl acetate, then washed with 
water and brine. The organic layer was dried over anhydrous Na2SO4, filtered, then 
concentrated in vacuo. Flashchromatography (AcOEt:Hexane = 2:1) of residue gave 
103 (1.17 g, 71%). HRMS (EI) calcd for C21H19ClF6N4O3 (M




5H-pyrimido[4,5-b][1,5]oxazocin-5-one (89). The compound 89 (80.9 m g, 95%) was 
prepared from 103 (78.8 mg, .0.15 mmol) in a manner similar to that described for the 
preparation of 10. HRMS (EI) calcd for C27H24F6N4O3 (M
+) 566.1753, found 566.1760. 
 
4,6-Dichloro-2-[4-(pyrrolidinyl)piperinino]pyrimidine (105). To a solution of 
4-(pyrrolidinyl)piperinine (2.01 g, 13.0 mmol) in 4 mol/L HCl-dioxane (3.3 mL), 
cyanamide (1.10 g, 26.2 mmol), butanol (20mL) was added, and the mixture was stirred 
at 120℃ for 3 h. Then the mixture was evaporated in vacuo. To a solution of Na 
(550mg, 23.9 mmol) in EtOH (30 mL), the residue and ethyl malonate (1.93 g, 12.0 
mmol) was added and sttired under reflux for 5 h. The mixture was evaporated in vacuo. 
The residue was added POCl3 (70 mL, 0.75 mol), and the mixture was sttired under 
reflux for 2 h. The mixture was evaporated in vacuo, the residue was dissolved in H2O 
and NaHCO3 was added, and ajdjust to pH = 10. The mixture was extracted with AcOEt 
and dried over Na2SO4 and then concentrated in vacuo. Flash chromatography (AcOEt : 
MoOH = 3:1) of residue gave 105 (787 mg, 22%). HRMS (EI) calcd for C13H18Cl2N4 
(M+) 300.0909, found 300.0923. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-chloro-2-[4-(pyrrolidinyl)piperinino]- 
6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (82). To a solution of 
LDA (prepared by reaction of diisopropylamine (0.50 mL, 3.6 mmol) in THF (8 mL) 
and n-butyllithium (2.0 mL, 1.60 M, 3.2 mmol) at –20oC for 30 min.) was added a 
solution of 105 (787 mg, 2.61 mmol) in THF (5 mL) at –78oC. The mixture was stirred 
at the same temperature for 5 h, and then introduced CO2 gas for 10 min. After the 
reaction was quenched by the addition of water and 2N HCl, then concentrated in vacuo. 
To a mixture of the residue and thionyl chloride (10 mL) was added five drops of DMF 
and the mixture was refluxed for 3 h. The mixture was concentrated. The solution of the 
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residue in THF (5 mL) was added dropwise to a solution of 
3-[[3,5-bis(trifluoromethyl)benzyl]amino]-1-propanol (787 mg, 2.61 mmol) and 
triethylamine (1.2 mL) in THF (20 mL) at 0oC. The mixture was stirred for 0.5 h at 0oC 
and then for 1 h at room temperature. The resulting mixture was diluted with ethyl 
acetate, then washed with sat. aq. NaHCO3 and brine. The organic layer was dried over 
anhydrous Na2SO4, filtered, then concentrated in vacuo. Flashchromatography 
(AcOEt:MeOH = 2:1) of residue gave foam (1.30 g, 79%). To a solution of the residue 
(1.23 g, 1.96 mmol) in THF (30 mL) was added sodium hydride (100 mg, 2.50 mmol, 
60% oil suspension) and the mixture was refluxed for 24 h. The resulting mixture was 
added H2O, and diluted with ethyl acetate, then washed with water and brine. The 
organic layer was dried over anhydrous Na2SO4, filtered, then concentrated in vacuo. 
Flashchromatography (AcOEt:MeOH = 1:1) of residue gave 82 (180 mg, 16%). HRMS 
(EI) calcd for C26H28ClF6N5O2 (M
+) 591.1836, found 591.1826. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-(4-methylphenyl)-2-[4-(pyrrolidinyl)piperidi-
no]-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (81). The compound 
81 (45.0 m g, 51%) was prepared from 82 (80.0 mg, .0.140 mmol) in a manner similar 
to that described for the preparation of 70. HRMS (EI) calcd for C33H35F6N5O2 (M
+) 
647.2695, found 647.2707. 
 
4,6-Dichloro-2-(methylthio)pyrimidine-5-carboxylic acid (99). The compound 99 
(1.93 g, 58 %) was prepared from 4,6-Dichloro-2-(methylthio)pyrimidine (2.70 g, 13.8 
mmol) in a manner similar to that described for the preparation of 90. Mp: 160–163oC. 
1H-NMR (400 MHz, CDCl3):  2.61 (1H, s). HRMS (EI) for C6H4Cl2N2O2S (M
+): calcd, 
237.9371; found, 237.9383. Anal. calcd for C6H4Cl2N2O2S: C, 30.14; H, 1.69; N, 11.72. 
Found: C, 30.07; H, 1.57; N, 11.60. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-chloro-2-methylthio-6,7,8,9-tetrahydro-5H-
pyrimido[4,5-b][1,5]oxazocin-5-one (110). To a mixture of 99 (14.0 g, 58.6 mmol) and 
thionyl chloride (40 mL) was added three drops of DMF and the mixture was refluxed 
for 2 h. The mixture was concentrated. The solution of the residue in THF (80 mL) was 
added dropwise to a solution of 3-[[3,5-bis(trifluoromethyl)benzyl]amino]-1-propanol 
(18.5 g, 61.4 mmol) and triethylamine (40mL) in THF (100mL) at 0oC. The mixture 
was stirred for 1 h at 0oC and then for 2 h at room temperature. After soncentration in 
vacuo, to a solution of the residue in DMF (60 mL) was added pottassium carbonate 
(24.3 g, 0.176mol) and the mixture atirred for 1 h at 80oC. The resulting mixture was 
 - 97 -  
diluted with ethyl acetate, then washed with water and brine. The organic layer was 
dried over anhydrous Na2SO4, filtered, then concentrated in vacuo. 
Flashchromatography (AcOEt:Hexane = 1:1) of residue gave 110 as a pale yellow solid 
(17.8 g, 63%). Mp: 140–143oC.  1H-NMR (400 MHz, CDCl3)  2.00–2.12 (1H, m), 
2.20–2.30 (1H, m), 2.60 (3H, s), 3.35 (1H, dd, J = 15.3 and 4.3 Hz), 3.63–3.74 (1H, m), 
4.08 (1H, d, J = 15.3 Hz), 4.46–4.58 (2H, m), 5.63 (1H, d, J = 15.3 Hz), 7.88 (3H, s). 
HRMS (EI) for C18H14ClF6N3O2S (M
+): calcd, 485.0399; found, 485.0358. Anal. calcd 
for C18H14ClF6N3O2S: C, 44.50; H, 2.90; N, 8.65. Found: C, 44.44; H, 2.79; N, 8.54. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-chloro-2-methylthio-5,6,7,8-tetrahydro-py- 
rimido[5,4-f][1,4]oxazepin-5-one (111). The compound 111 (5.15 g, 52%) was 
prepared from 99 (5.00 g, 20.9 mmol) and 2-[[3,5-bis(trifluoromethyl)benzyl]amino]- 
1-ethanol (6.30 g, 21.9 mmol) in a manner similar to that described for the preparation 
of 110. Mp: 135–137oC.  1H-NMR (400 MHz, CDCl3)  2.58 (3H, s), 3.64 (2H, t, J = 
4.9 Hz), 4.50 (2H, t, J = 4.9 Hz), 4.92 (2H, s), 7.81 (2H, s), 7.86 (1H, s). HRMS (EI) for 
C17H12ClF6N3O2S (M
+): calcd, 471.0243; found, 471.0236. Anal. calcd for 
C17H12ClF6N3O2S: C, 43.28; H, 2.56; N, 8.91. Found: C, 43.14; H, 2.48; N, 8.68. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-chloro-2-methylthio-5,6,7,8,9,10-hexahydro-
pyrimido[4,5-b][1,5]diazocin-5-one (139). To a mixture of 99 (15.0 g, 62.7 mmol) and 
thionyl chloride (45 mL) was added DMF (0.50 mL) and the mixture was refluxed for 2 
h. The mixture was concentrated. The solution of the residue in THF (100 mL) was 
added dropwise to a solution of 3-[[3,5-bis(trifluoromethyl)benzyl]amino]-1-(Boc- 
amino)propane (25.6 g, 63.9 mmol) and triethylamine (40.0 mL, 0.287 mol) in THF 
(100 mL) at 0oC. The mixture was stirred for 1 h at 0oC and then for 2 h at room 
temperature. The resulting mixture was diluted with ethyl acetate, then washed with 
water and brine. The organic layer was dried over anhydrous Na2SO4, filtered, then 
concentrated in vacuo. Flashchromatography (Hexane: AcOEt  = 3:1) of residue was 
dissolved in 20% (w/w) HCl-EtOH (50mL) and stand for 2 h at room temperature. After 
concentration in vacuo, to a solution of the residue in DMF (60 mL) was added 
pottassium carbonate (16.5 g, 0.119 mol) and the mixture atirred for 1 h at 80oC. The 
resulting mixture was diluted with ethyl acetate, then washed with water and brine. The 
organic layer was dried over anhydrous Na2SO4, filtered, then concentrated in vacuo. 
Flashchromatography (AcOEt:Hexane = 1:1) of residue gave 139 as a pale yellow foam 
(23.4 g, 81 %). 1H-NMR (400 MHz, CDCl3)  1.80–2.02 (2H, m), 2.49 (3H, s), 
3.23–3.36 (2H, m), 3.38–3.49 (1H, m), 3.67–3.78 (1H, m), 3.92 (1H, d, J = 15.3 Hz), 
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5.59 (1H, d, J = 15.3 Hz), 5.84 (1H, t, J = 7.3 Hz), 7.82 (1H, s), 7.84 (2H, s). HRMS 
(EI) for C18H15ClF6N4OS (M
+): calcd, 484.0559; found, 484.0598. Anal. calcd for 
C18H15ClF6N4OS: C, 44.59; H, 3.12; N, 11.56. Found: C, 44.56; H, 3.04; N, 11.46. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-chloro-2-methylthio-6,7,8,9-tetrahydro-5H-
pyrimido[4,5-e][1,4]diazepin-5-one (140). The compound 140 (6.22 g, 68%) was 
prepared from 99 (5.00 g, 20.9 mmol) and 2-[[3,5-bis(trifluoromethyl)benzyl]amino]-1- 
(Boc-amino)ethane (8.24 g, 21.3 mmol) in a manner similar to that described for the 
preparation of 63. Foam. 1H-NMR (400 MHz, CDCl3)  2.54 (3H, s), 3.59–3.68 (4H, m), 
4.90 (2H, s), 5.66 (1H, br), 7.84 (2H, s), 7.88 (1H, s). HRMS (EI) for C17H13ClF6N4OS 
(M+): calcd, 470.0403; found, 470.0385. Anal. calcd for C17H13ClF6N4OS: C, 43.37; H, 
2.78; N, 11.90. Found: C, 43.29; H, 2.69; N, 11.84. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-2-methylthio-4-phenyl-6,7,8,9-tetrahydro-5H-
pyrimido[4,5-b][1,5]oxazocin-5-one (113). The compound 113 (2.28 g, 86%) was 
prepared from 110 (2.43 g, 5.00 mmol) in a manner similar to that described for the 
preparation of 10. Mp: 143–146oC.  1H-NMR (400 MHz, CDCl3)  2.02–2.22 (2H, m), 
2.58 (3H, s), 3.43–3.52 (1H, m ), 3.84–3.94 (1H, m), 4.24 (1H, d, J = 15.3 Hz), 
4.39–4.46 (2H, m), 5.36 (1H, d, J = 15.3 Hz), 7.25–7.32 (2H, m), 7.37–7.46 (3H, m), 
7.76 (2H, s), 7.87 (1H, s). HRMS (EI) for C24H19F6N3O2S (M
+): calcd, 527.1102; found, 
527.1130. Anal. calcd for C24H19F6N3O2S: C, 54.65; H, 3.63; N, 7.97. Found: C, 54.64; 
H, 3.64; N, 7.70. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-methylthio-6,7,8,9-tet- 
rahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (112). The compound 112 (5.12 g, 
95%) was prepared from 110 (4.86 g, 10.0 mmol) in a manner similar to that described 
for the preparation of 10. Mp: 144–145oC. 1H-NMR (400 MHz, CDCl3)  1.95–2.07 
(1H, m), 2.14–2.26 (1H, m), 2.23 (3H, s), 2.56 (3H, s), 3.33 (1H, dd, J = 15.3 and 4.9 
Hz), 3.71–3.81 (1H, m), 3.87 (1H, d, J = 14.7 Hz), 4.37–4.48 (2H, m), 5.31 (1H, d, J = 
14.7 Hz), 6.92 (1H, d, J = 7.3 Hz), 7.04 (1H, dd, J = 7.3 and 7.3 Hz), 7.20–7.25 (2H, m), 
7.56 (2H, s), 7.82 (1H, s). HRMS (EI) for C25H21F6N3O2S (M
+): calcd, 541.1259; found, 
541.1241. Anal. calcd for C25H21F6N3O2S: C, 55.45; H, 3.91; N, 7.76. Found: C, 55.39; 
H, 3.78; N, 7.56. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methoxylphenyl)-2-methylthio-6,7,8,9- 
tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (114). The compound 114 (1.96 g, 
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88%) was prepared from 110 (1.95 g, 4.01 mmol) in a manner similar to that described 
for the preparation of 10. Mp: 164–165oC.  1H-NMR (400 MHz, CDCl3)  1.97–2.14 
(2H, m), 2.56 (3H, s), 3.32–3.43 (1H, m), 3.39 (3H, s), 3.77–3.88 (1H, m), 4.05 (1H, d, 
J = 14.7 Hz), 4.34–4.49 (2H, m), 5.19 (1H, d, J = 14.7 Hz), 6.74 (1H, d, J = 7.9 Hz), 
7.01 (1H, dd, J = 7.9 and 7.9 Hz), 7.34 (2H, dd, J = 7.9 and 7.9 Hz), 7.69 (2H, s), 7.83 
(1H, s). HRMS (EI) for C25H21F6N3O3S (M
+): calcd, 557.1208; found, 557.1216. Anal. 
calcd for C25H21F6N3O3S: C, 53.86; H, 3.80; N, 7.54. Found: C, 53.49; H, 3.63; N, 7.28. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-fluorophenyl)-2-methylthio-6,7,8,9-tetra-
hydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (115). The compound 115 (245 mg, 
90%) was prepared from 110 (243 mg, 0.501 mmol) in a manner similar to that 
described for the preparation of 10. Mp: 154–156oC. 1H-NMR (400 MHz, CDCl3)  
2.01–2.17 (2H, m), 2.58 (3H, s), 3.33–3.43 (1H, m), 3.75–3.86 (1H, m), 4.02 (1H, d, J = 
15.3 Hz), 4.38–4.52 (2H, m), 5.37 (1H, d, J = 15.3 Hz), 6.90–6.97 (1H, m), 7.22 (1H, 
ddd, J = 7.3, 7.3 and 1.2 Hz), 7.33–7.41 (1H, m), 7.51 (1H, ddd, J = 7.3, 7.3 and 1.8 Hz), 
7.74 (2H, s), 7.84 (1H, s). HRMS (FAB+) for C24H19F7N3O2S (M
++1): calcd, 546.1086; 
found, 546.1108. Anal. calcd for C24H18F7N3O2S: C, 52.85; H, 3.33; N, 7.70. Found: C, 
52.87; H, 3.29; N, 7.39. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-methylthio-5,6,7,8-tet- 
rahydropyrimido[5,4-f][1,4]oxazepin-5-one (116). The compound 116 (2.13 g, 81%) 
was prepared from 111 (2.36 g, 5.00 mmol) in a manner similar to that described for the 
preparation of 10. Mp: 209–211oC. 1H-NMR (400 MHz, CDCl3)  2.30 (3H, s), 2.59 
(3H, s), 3.69 (2H, t, J = 4.9 Hz), 4.60 (2H, t, J = 4.9 Hz), 4.76 (2H, s), 7.08 (1H, dd, J = 
7.3 and 1.2 Hz), 7.21 (1H, t, J = 7.3 Hz), 7.27–7.37 (2H, m), 7.66 (2H, s), 7.84 (1H, s). 
HRMS (EI) for C24H19F6N3O2S (M
+): calcd, 527.1102; found, 527.1130. Anal. calcd for 
C24H19F6N3O2S 
1/5H2O: C, 54.28; H, 3.61; N, 7.91. Found: C, 54.23; H, 3.64; N, 7.54. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(4-fluoro-2-methylphenyl)-2-methylthio- 
5,6,7,8,9,10-haxahydropyrimido[4,5-b][1,5]diazocin-5-one (141). The compound 141 
(540 mg, 99 %) was prepared from 139 (485 mg, 1.00 mmol) in a manner similar to that 
described for the preparation of 10. Foam. 1H-NMR (400 MHz, CDCl3)  1.77–2.00 
(2H, m), 2.15–2.36 (3H, m), 2.48 (3H, s), 3.23–3.42 (3H, m), 3.74 (1H, d, J = 15.3 Hz), 
3.77–3.88 (1H, m), 5.34 (1H, d, J = 15.3 Hz), 5.77 (1H, t, J = 7.3 Hz), 6.85–7.08 (2H, 
m), 7.15–7.24 (2H, m), 7.55 (2H, s), 7.80 (1H, s). HRMS (EI) for C25H22F6N4OS (M
+): 
calcd, 540.1419; found, 540.1390. Anal. calcd for C25H22F6N4OS: C, 55.55; H, 4.10; N, 
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10.37. Found: C, 55.28; H, 4.06; N, 10.19. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-methylthio-6,7,8,9-tet- 
rahydro-5H-pyrimido[4,5-e][1,4]diazepin-5-one (142). The compound 142 (2.63 g, 
99 %) was prepared from 140 (2.36 g, 5.01 mmol) in a manner similar to that described 
for the preparation of 10. Mp: 248–250oC. 1H-NMR (400 MHz, CDCl3)  2.34 (3H, s), 
2.52 (3H, s), 3.64 (4H, brs), 4.69 (2H, brs), 5.59 (1H, brs), 7.11 (1H, dd, J = 7.3 and 1.2 
Hz), 7.19 (1H, ddd, J = 7.3, 7.3 and 1.2 Hz), 7.23–7.32 (2H, m), 7.63 (2H, s), 7.81 (1H, 
s). HRMS (EI) for C24H20F6N4OS (M
+): calcd, 526.1262; found, 526.1232. Anal. calcd 
for C24H20F6N4OS: C, 54.75; H, 3.83; N, 10.64. Found: C, 54.57; H, 3.68; N, 10.46. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-2-methylsulfonyl-4-phenyl-6,7,8,9-tetrahydro-
5H-pyrimido[4,5-b][1,5]oxazocin-5-one (118). To a solution of 113 (2.15 g, 4.08 
mmol) in THF (8 mL) was added mCPBA (2.12 g, 12.3 mmol) portionwise under ice 
cooling. The mixture was stirred for 30 min at 0oC and then for 3 h at room temperature. 
The resulting mixture was diluted with ethyl acetate, then washed with saturated sodium 
hydrogen carbonate. The organic layer was dried over anhydrous Na2SO4, filtered, then 
concentrated in vacuo. Flashchromatography (AcOEt) of residue gave 118 as a pale 
colorless solid (17.8 g, 63%). Mp: 239–241oC. 1H-NMR (400 MHz, CDCl3)  
2.10–2.32 (2H, m), 3.36 (3H, s), 3.52–3.61 (1H, m), 3.78–3.88 (1H, m), 4.10 (1H, d, J = 
15.3 Hz), 4.48–4.59 (2H, m), 5.36 (1H, d, J = 15.3 Hz), 7.29 (2H, dd, J = 7.9 and 7.9 
Hz), 7.42–7.50 (3H, m), 7.77 (2H, s), 7.90 (1H, s). HRMS (EI) for C24H19F6N3O4S 
(M+): calcd, 559.1000; found, 559.0974. Anal. calcd for C24H19F6N3O4S: C, 51.52; H, 
3.42; N, 7.51. Found: C, 51.39; H, 3.32; N, 7.29. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-2-methylsulfonyl-4-(2-methylphenyl)-6,7,8,9- 
tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (117). The compound 117 (4.98 g, 
100%) was prepared from 112 (4.50 g, 8.31 mmol) in a manner similar to that described 
for the preparation of 118. Mp: 211–212oC. 1H-NMR (400 MHz, CDCl3)  2.03–2.14 
(1H, m), 2.23 (3H, s), 2.17–2.33 (1H, m), 3.34 (3H, s), 3.44 (1H, dd, J = 15.3 and 5.5 
Hz), 3.66–3.77 (1H, m), 3.91 (1H, d, J = 14.7 Hz), 4.48–4.60 (2H, m), 5.29 (1H, d, J = 
14.7 Hz), 6.88 (1H, d, J = 7.3 Hz), 7.02 (1H, dd, J = 7.3 and 7.3 Hz), 7.22–7.32 (2H, m), 
7.57 (2H, s), 7.84 (1H, s). HRMS (EI) for C25H21F6N3O4S (M
+): calcd, 573.1157; found, 
573.1144. Anal. calcd for C25H21F6N3O4S: C, 52.36; H, 3.69; N, 7.33. Found: C, 52.40; 
H, 3.52; N, 7.05. 
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6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methoxylphenyl)-2-methylsulfonyl- 
6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (119). The compound 119 
(1.75 g, 85%) was prepared from 114 (1.80 g, 3.23 mmol) in a manner similar to that 
described for the preparation of 118. Mp: 202–206oC. 1H-NMR (400 MHz, CDCl3)  
2.06–2.23 (2H, m), 3.35 (6H, s), 3.41–3.48 (1H, m), 3.72–3.82 (2H, m), 4.05 (1H, d, J = 
14.7 Hz), 4.45–4.60 (2H, m), 5.52 (1H, d, J = 14.7 Hz), 6.73 (1H, d, J = 7.3 Hz), 7.04 
(1H, dd, J = 7.3 and 7.3 Hz), 7.35–7.43 (2H, m), 7.69 (2H, s), 7.86 (1H, s). HRMS (EI) 
for C25H21F6N3O5S (M
+): calcd, 589.1106; found, 589.1082. Anal. calcd for 
C25H21F6N3O5S: C, 50.94; H, 3.59; N, 7.13. Found: C, 50.77; H, 3.43; N, 6.90. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-fluorophenyl)-2-methylsulfonyl-6,7,8,9- 
tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (120). The compound 120 (215 
mg, 92%) was prepared from 115 (221 mg, 0.405 mmol) in a manner similar to that 
described for the preparation of 118. Mp: 202–205oC. 1H-NMR (400 MHz, CDCl3)  
2.07–2.26 (2H, m), 3.36 (3H, s), 3.43–3.53 (1H, m), 3.71–3.82 (1H, m), 4.06 (1H, d, J = 
14.7 Hz), 4.50–4.62 (2H, m), 5.36 (1H, d, J = 14.7 Hz), 6.90–6.97 (1H, m), 7.25 (1H, 
ddd, J = 7.3, 7.3 and 1.2 Hz), 7.39–7.47 (1H, m), 7.55 (1H, ddd, J = 7.3, 7.3 and 1.8 Hz), 
7.75 (2H, s), 7.87 (1H, s). HRMS (FAB+) for C24H19F7N3O4S (M
++1): calcd, 578.0985; 
found, 578.1015. Anal. calcd for C24H18F7N3O4S: C, 49.92; H, 3.14; N, 7.28. Found: C, 
49.91; H, 3.07; N, 7.17. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-methylsulfonyl-5,6,7,8- 
tetrahydropyrimido[5,4-f][1,4]oxazepin-5-one (121). The compound 121 (1.73 g, 
84%) was prepared from 116 (1.95 g, 3.70 mmol) in a manner similar to that described 
for the preparation of 118. Mp: 197–200oC. 1H-NMR (400 MHz, CDCl3)  2.33 (3H, s), 
3.37 (3H, s), 3.77 (2H, t, J = 4.9 Hz), 4.71 (2H, t, J = 4.9 Hz), 4.79 (2H, s), 7.05 (1H, 
brd, J = 7.3 Hz), 7.23 (1H, t, J = 7.3 Hz), 7.33 (1H, d, J = 7.3 Hz), 7.40 (1H, ddd, J = 
7.3, 7.3 and 1.2 Hz), 7.68 (2H, s), 7.88 (1H, s). HRMS (EI) for C24H19F6N3O4S (M
+): 
calcd, 559.1000; found, 559.1016. Anal. calcd for C24H19F6N3O4S 
1/10H2O: C, 51.36; H, 
3.41; N, 7.49. Found: C, 51.02; H, 3.39; N, 7.19. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-methylsulfonyl- 
5,6,7,8,9,10-hexahydropyrimido[4,5-b][1,5]diazocin-5-one (143). The compound 143 
(335 mg, 65%) was prepared from 141 (490 mg, 0.907 mmol) in a manner similar to 
that described for the preparation of 118. Mp: 276–279oC. 1H-NMR (400 MHz, CDCl3) 
 1.87–2.07 (2H, m), 2.24 (3H, s), 3.27 (3H, s), .3.33–3.46 (3H, m), 3.71–3.83 (1H, m), 
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3.78 (1H, d, J = 15.3 Hz), 5.32 (1H, d, J = 15.3 Hz), 6.41 (1H, t, J = 7.3 Hz), 6.85–6.94 
(1H, br), 7.02 (1H, t, J = 7.3 Hz), 7.20–7.28 (2H, m), 7.55 (2H, s), 7.82 (1H, s). HRMS 
(EI) for C25H22F6N4O3S (M
+): calcd, 572.1317; found, 572.1290. Anal. calcd for 
C25H22F6N4O3S 
1/20H2O: C, 52.36; H, 3.87; N, 9.77. Found: C, 52.73; H, 3.85; N, 9.37. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-methylsulfonyl-6,7,8,9- 
tetrahydro-5H-pyrimido[4,5-e][1,4]diazepin-5-one (144). The compound 144 (410 
mg, 15%) was prepared from 142 (2.50 g, 4.75 mmol) in a manner similar to that 
described for the preparation of 118. Mp: 307–310oC. 1H-NMR (400 MHz, DMSO-d6) 
 2.23 (3H, s), 3.30 (3H, s), 3.51–3.58 (2H, m), 3.76–3.87 (2H, br), 4.62–4.74 (2H, br), 
7.05 (1H, t, J = 7.3Hz), 7.17–7.24 (2H, m), 7.27 (1H, ddd, J = 7.3, 7.3 and 1.2 Hz), 7.84 
(2H, s), 8.06 (1H, s), 8.68–8.73 (1H, br). HRMS (EI) for C24H20F6N4O3S (M
+): calcd, 
558.1160; found, 558.1156. Anal. calcd for C24H20F6N4O3S: C, 51.61; H, 3.61; N, 10.03. 
Found: C, 51.38; H, 3.45; N, 9.95. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-[4-(1-pyrrolodinyl)pipe-
ridino]-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (81). To a 
solution of 117 (1.50 g, 2.62 mmol) in 1,4-dioxane (10 mL) was added 
diisopropylethylamine (1 mL) and 4-(pyrrolidinyl)piperidine (485 mg, 3.14 mmol) at 
room temperature and the mixture was refluxed for 3 h. The resulting mixture was 
diluted with ethyl acetate, then washed with water and brine. The organic layer was 
dried over anhydrous Na2SO4, filtered, then concentrated in vacuo. 
Flashchromatography (AcOEt:MeOH = 3:1) of residue gave 81 as a colorless foam 
(1.08 g, 64 %). 1H-NMR (400 MHz, CDCl3)  1.45–1.58 (2H, m), 1.75–1.87 (4H, m), 
1.87–2.05 (4H, m), 2.05–2.18 (2H, m), 2.18–2.37 (1H, m), 2.25 (3H, s), 2.57–2.69 (3H, 
m), 2.90–3.01 (2H, m), 3.23–3.32 (1H, m), 3.76–3.89 (1H, m), 3.84 (1H, d, J = 15.3 Hz), 
4.27–4.41 (2H, m), 4.67–4.80 (1H, m), 5.32 (1H, d, J = 15.3 Hz), 6.92–6.98 (1H, m), 
7.02–7.08 (1H, m), 7.18–7.25 (2H, m), 7.57 (2H, s), 7.80 (1H, s). HRMS (EI) for 
C33H35F6N5O2 (M
+): calcd, 647.2695; found, 647.2707. Anal. calcd for C33H35F6N5O2 
1/5H2O: C, 60.86; H, 5.42; N, 10.75. Found: C, 60.47; H, 5.40; N, 10.47. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-[4-(2-pyridyl)-1-pipera-
zinyl]-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (122). The 
compound 122 (77.1 mg, 88%) was prepared from 117 (86.0 mg, 0.150 mmol) in a 
manner similar to that described for the preparation of 81. Foam. 1H-NMR (400 MHz, 
CDCl3)  1.92–2.03 (1H, m), 2.08–2.20 (1H, m), 2.27 (3H, s), 3.29 (1H, dd, J = 15.3 
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and 4.3 Hz), 3.53–3.66 (4H, m), 3.78–3.89 (1H, m), 3.85 (1H, d, J = 15.3 Hz), 
3.92–4.03 (4H, m), 4.30–4.43 (2H, m), 5.33 (1H, d, J = 15.3 Hz), 6.63–6.69 (2H, m), 
6.93–6.99 (1H, m), 7.02–7.08 (1H, m), 7.20–7.28 (2H, m), 7.46–7.53 (1H, m), 7.57 (2H, 
s), 7.80 (1H, s), 8.20 (1H, dd, J = 4.9 and 1.2 Hz). HRMS (EI) for C33H30F6N6O2 (M
+): 
calcd, 656.2334; found, 656.2310. Anal. calcd for C33H30F6N6O2: C, 60.36; H, 4.61; N, 
12.80. Found: C, 60.25; H, 4.63; N, 12.92. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-2-(1-imidazolyl)-4-(2-methylphenyl)-6,7,8,9- 
tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (123). The compound 123 (53.8 
mg, 64%) was prepared from 117 (86.0 mg, 0.150 mmol) in a manner similar to that 
described for the preparation of 81. Foam. 1H-NMR (400 MHz, CDCl3)  2.01–2.12 
(1H, m), 2.21–2.32 (4H, m), 3.41 (1H, dd, J = 15.6 and 4.9 Hz), 3.74–3.85 (1H, m), 
3.91 (1H, d, J = 14.6 Hz), 4.45–4.57 (2H, m), 5.32 (1H, d, J = 14.6 Hz), 6.94 (1H, d, J = 
7.8 Hz), 7.07 (1H, dd, J = 7.8 and 7.8 Hz), 7.14 (1H, d, J = 1.0 Hz), 7.27–7.33 (2H, m), 
7.59 (2H, s), 7.84 (1H, s), 7.86 (1H, d, J = 1.0 Hz), 8.58 (1H, s). HRMS (EI) for 
C27H21F6N5O2 (M
+): calcd, 561.1599; found, 561.1597. Anal. calcd for C27H21F6N5O2: 
C, 57.76; H, 3.77; N, 12.47. Found: C, 57.53; H, 3.69; N, 12.31. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-morpholino-6,7,8,9-tet- 
rahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (124). The compound 124 (50.4 mg, 
87%) was prepared from 117 (57.4 mg, 0.100 mmol) in a manner similar to that 
described for the preparation of 81. Foam. 1H-NMR (400 MHz, CDCl3)  1.91–2.03 
(1H, m), 2.08–2.19 (1H, m), 2.25 (3H, s), 3.28 (1H, dd, J = 15.3 and 4.3 Hz), 3.68–3.76 
(4H, m), 3.76–3.89 (6H, m), 4.30–4.42 (2H, m), 5.32 (1H, d, J = 15.3 Hz), 6.92–6.97 
(1H, m), 7.01–7.08 (1H, m), 7.19–7.27 (2H, m), 7.57 (2H, s), 7.80 (1H, s). HRMS (EI) 
for C28H26F6N4O3 (M
+): calcd, 580.1909; found, 580.1948. Anal. calcd for 
C28H26F6N4O3: C, 57.93; H, 4.51; N, 9.65. Found: C, 57.80; H, 4.41; N, 9.52. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-2-[4-(ethoxycarbonyl)piperidino]-4-(2-meth- 
ylphenyl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (125). The 
compound 125 (64.6 mg, 68%) was prepared from 117 (86.0 mg, 0.150 mmol) in a 
manner similar to that described for the preparation of 81. Foam. 1H-NMR (400 MHz, 
CDCl3)  1.25 (3H, t, J = 7.3 Hz), 1.62–1.75 (2H, m), 1.87–2.01 (4H, m), 2.07–2.17 
(1H, m), 2.26 (3H, s), 2.50–2.60 (1H, m), 3.00–3.11 (2H, m), 3.27 (1H, dd, J = 14.7 and 
4.3 Hz), 3.77–3.88 (1H, m), 3.84 (1H, d, J = 15.3 Hz), 4.14 (2H, q, J = 7.3 Hz), 
4.28–4.40 (2H, m), 4.60–4.72 (2H, m), 5.32 (1H, d, J = 15.3 Hz), 6.93–6.98 (1H, m), 
 - 104 -  
7.02–7.08 (1H, m), 7.18–7.28 (1H, m), 7.57 (2H, s), 7.80 (1H, s). HRMS (EI) for 
C32H32F6N4O4 (M
+): calcd, 650.2328; found, 650.2351. Anal. calcd for C32H32F6N4O4: 
C, 59.07; H, 4.96; N, 8.61. Found: C, 58.82; H, 5.00; N, 8.55. 
 
2-(4-Carbamoylpiperidino)-6-[3,5-bis(trifluoromethyl)benzyl]-4-(2-methylphen-
yl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (126). The compound 
126 (70.0 mg, 75%) was prepared from 117 (86.0 mg, 0.150 mmol) in a manner similar 
to that described for the preparation of 81. Foam. 1H-NMR (400 MHz, CDCl3) 
 1.62–1.77 (2H, m), 1.86–2.02 (3H, m), 2.07–2.18 (1H, m), 2.25 (3H, s), 2.37–2.47 
(1H, m), 2.90–3.02 (2H, m), 3.28 (1H, dd, J = 15.3 and 4.9 Hz), 3.77–3.89 (1H, m), 
3.85 (1H, d, J = 15.3 Hz), 4.28–4.42 (2H, m), 4.77–4.88 (2H, m), 5.32 (1H, d, J = 15.3 
Hz), 5.38–5.49 (2H, brs), 6.92–6.99 (1H, m), 7.01–7.09 (1H, m), 7.19–7.25 (2H, m), 
7.57 (2H, s), 7.80 (1H, s). HRMS (EI) for C30H29F6N5O3 (M
+): calcd, 621.2175; found, 
621.2142. Anal. calcd for C30H29F6N5O3 
1/2H2O: C, 57.14; H, 4.64; N, 11.11. Found: C, 
57.18; H, 4.61; N, 11.02. 
 
2-(4-Acetyl-1-piperazinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-4-(2-methylphen- 
yl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (127). The compound 
127 (60.7 mg, 65%) was prepared from 117 (86.0 mg, 0.150 mmol) in a manner similar 
to that described for the preparation of 81. Mp: 162–164oC. 1H-NMR (400 MHz, 
CDCl3)  1.92–2.04 (1H, m), 2.10–2.20 (1H, m), 2.13 (3H, s), 2.25 (3H, s), 3.30 (1H, 
dd, J = 15.1 and 4.4 Hz), 3.50 (2H, dd, J = 4.4 and 4.4 Hz), 3.63–3.70 (2H, m), 
3.76–3.95 (6H, m), 4.30–4.43 (2H, m), 5.32 (1H, d, J = 15.1 Hz), 6.95 (1H, br d, J = 7.3 
Hz), 7.05 (1H, br dd, J = 7.3 and 7.3 Hz), 7.20–7.25 (2H, m), 7.57 (2H, s), 7.81 (1H, s). 
HRMS (EI) for C30H29F6N5O3 (M
+): calcd, 621.217500; found, 621.2192. Anal. calcd 
for C30H29F6N5O3: C, 57.97; H, 4.70; N, 11.27. Found: C, 57.90; H, 4.70; N, 11.33. 
 
2-(4-Acetamido-1-homopiperazinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-4-(2- 
methylphenyl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (128). To 
a solution of 117 (86.0 mg, 0.150 mmol) in 1,4-dioxane (1 mL) was added 
diisopropylethylamine (0.1 mL) and 4-(tert-butoxycarbonylamino)homopiperazine 
(36.1 mg, 0.180 mmol) at room temperature and the mixture was refluxed for 5 h. The 
resulting mixture was diluted with ethyl acetate, then washed with water and brine. The 
organic layer was dried over anhydrous Na2SO4, filtered, then concentrated in vacuo. To 
the resulting residue was added 3M HCl-AcOEt (1 mL) under ice cooling. The mixture 
was stirred for 30 min at 0oC and then for 1 h at room temperature. The resulting 
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mixture was concentrated in vacuo. To a solution of the residue in THF (1 mL) was 
added triethylamine (0.1 mL) and acetic anhydride (0.05 mL) portionwise under ice 
cooling. The mixture was stirred for 30 min at 0oC. The resulting mixture was diluted 
with ethyl acetate, then washed with water. The organic layer was dried over anhydrous 
Na2SO4, filtered, then concentrated in vacuo. Flashchromatography (AcOEt) of residue 
gave 128 as a pale yellow foam (39.5 mg, 41 %). 1H-NMR (400 MHz, CDCl3) 
 1.83–2.06 (4H, m), 2.12 (3H, s), 2.25 (3H, d, J = 3.9 Hz), 3.29 (1H, dd, J = 15.1 and 
4.4 Hz), 3.33–4.15 (10H, m), 4.29–4.42 (2H, m), 5.31 (1H, d, J = 15.1 Hz), 6.91–6.98 
(1H, m), 7.01–7.08 (1H, m), 7.19–7.25 (2H, m), 7.57 (2H, s), 7.80 (1H, s). HRMS (EI) 
for C31H31F6N5O3 (M
+): calcd, 635.2331; found, 635.2313. Anal. calcd for 
C31H31F6N5O3: C, 58,58; H, 4.92; N, 11.02. Found: C, 58.25; H, 4.81; N, 10.72. 
 
2-(3-Acetamido-1-pyrrolidinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-4-(2-methyl- 
phenyl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (129). The 
compound 129 (65.0 mg, 70%) was prepared from 117 (86.0 mg, 0.150 mmol) in a 
manner similar to that described for the preparation of 128. Mp: 134–137oC. 1H-NMR 
(400 MHz, CDCl3)  1.90–2.03 (5H, m), 2.07–2.19 (1H, m), 2.19–2.32 (4H, m), 3.28 
(1H, dd, J = 15.1 and 4.9 Hz), 3.49 (1H, dd, J = 11.7 and 4.4 Hz), 3.69 (2H, dd, J = 6.8 
and 6.8 Hz), 3.74–3.91 (3H, m), 4.29–4.42 (2H, m), 4.52–4.62 (1H, m), 5.32 (1H, d, J = 
14.6 Hz), 5.63 (1H, br s), 6.91–6.98 (1H, m), 7.01–7.08 (1H, m), 7.18–7.26 (2H, m), 
7.57 (2H, s), 7.80 (1H, s). HRMS (EI) for C30H29F6N5O3 (M
+): calcd, 621.2175; found, 
621.2173. Anal. calcd for C30H29F6N5O3 H2O: C, 56.34; H, 4.57; N, 10.95. Found: C, 
56.64; H, 4.62; N, 10.96. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-2-(1,1-dioxomorpholino)-4-(2-methylphenyl)-
6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (130). The compound 130 
(12.5 mg, 13%) was prepared from 117 (86.0 mg, 0.150 mmol) in a manner similar to 
that described for the preparation of 81. Mp: 227–230oC. 1H-NMR (400 MHz, CDCl3) 
 1.94–2.05 (1H, m), 2.11–2.21 (1H, m), 2.23 (3H, s), 3.00–3.09 (4H, m), 3.29–3.37 
(1H, m), 3.75–3.83 (1H, m), 3.86 (1H, d, J = 14.6 Hz), 4.33–4.44 (6H, m), 5.31 (1H, d, 
J = 14.6 Hz), 6.93 (1H, d, J = 6.8 Hz), 7.06 (1H, dd, J = 6.8 and 6.8 Hz), 7.21–7.30 (2H, 
m), 7.57 (2H, s), 7.81 (1H, s). HRMS (EI) for C28H26F6N4O4S (M
+): calcd, 628.1579; 
found, 628.1523. Anal. calcd for C28H26F6N4O4S H2O: C, 52.01; H, 4.05; N, 8.66. 
Found: C, 52.34; H, 4.11; N, 8.80. 
 
6-[3,5-Bis(trifluoromethyl)benzyl]-4-(2-methylphenyl)-2-[4-(methylsulfonyl)-1- 
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piperazinyl]-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (131). The 
compound 131 (54.6 mg, 55%) was prepared from 117 (86.0 mg, 0.150 mmol) in a 
manner similar to that described for the preparation of 128. Foam. 1H-NMR (400 MHz, 
CDCl3)  1.92–2.04 (1H, m), 2.07–2.20 (1H, m), 2.24 (3H, s), 2.79 (3H, s), 3.20–3.33 
(5H, m), 3.73–3.84 (1H, m), 3.85 (1H, d, J = 15.3 Hz), 3.96–4.03 (4H, m), 4.31–4.43 
(2H, m), 5.31 (1H, d, J = 15.3 Hz), 6.92–6.97 (1H, m), 7.03–7.08 (1H, m), 7.19–7.25 
(2H, m), 7.56 (2H, s), 7.80 (1H, s). HRMS (EI) for C29H29F6N5O4S (M
+): calcd, 
657.1844; found, 657.1843. Anal. calcd for C29H29F6N5O4S: C, 52.96; H, 4.44; N, 10.65. 
Found: C, 52.77; H, 4.32; N, 10.46. 
 
2-(4-Acetyl-1-piperazinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-4-phenyl-6,7,8,9- 
tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (132). The compound 132 (53.7 
mg, 59%) was prepared from 118 (84.0 mg, 0.150 mmol) in a manner similar to that 
described for the preparation of 81. Mp: 215–218oC. 1H-NMR (400 MHz, CDCl3) 
 1.97–2.20 (2H, m), 2.14 (3H, s), 3.40–3.48 (1H, m), 3.48–3.54 (2H, m), 3.65–3.71 
(2H, m), 3.84–4.00 (5H, m), 4.03 (1H, d, J = 15.3 Hz), 4.33–4.40 (2H, m), 5.36 (1H, d, 
J = 15.3 Hz), 7.24–7.31 (2H, m), 7.35–7.43 (3H, m), 7.76 (2H, s), 7.86 (1H, s). HRMS 
(EI) for C29H27F6N5O3 (M
+): calcd, 607.2018; found, 607.2049. Anal. calcd for 
C29H27F6N5O3: C, 57.33; H, 4.48; N, 11.53. Found: C, 56.99; H, 4.36; N, 11.49. 
 
2-(4-Acetyl-1-piperazinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-4-(2-methoxyphen-
yl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (133). The compound 
133 (86.2 mg, 90%) was prepared from 119 (88.5 mg, 0.150 mmol) in a manner similar 
to that described for the preparation of 81. Foam. 1H-NMR (400 MHz, CDCl3) 
 1.93–2.12 (2H, m), 2.13 (3H, s), 3.28–3.37 (1H, m), 3.41 (3H, s), 3.48–3.53 (2H, m), 
3.63–3.70 (2H, m), 3.82–3.94 (5H, m), 4.04 (1H, d, J = 14.7 Hz), 4.28–4.43 (2H, m), 
5.17 (1H, d, J = 14.7 Hz), 6.76 (1H, d, J = 7.3 Hz), 7.01 (1H, dd, J = 7.3 and 7.3 Hz), 
7.27–7.37 (2H, m), 7.69 (2H, s), 7.82 (1H, s). HRMS (EI) for C30H29F6N5O4 (M
+): calcd, 
637.2124; found, 637.2085. Anal. calcd for C30H29F6N5O4 
1/2H2O: C, 55.73; H, 4.52; N, 
10.83. Found: C, 55.49; H, 4.47; N, 10.87. 
 
2-(4-Acetyl-1-piperazinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-4-(2-fluorophenyl)-
6,7,8,9-tetrahydro-5H-pyrimido[4,5-b][1,5]oxazocin-5-one (134). The compound 134 
(65.7 mg, 88%) was prepared from 120 (68.5 mg, 0.119 mmol) in a manner similar to 
that described for the preparation of 81. Foam. 1H-NMR (400 MHz, CDCl3) 
 1.97–2.12 (2H, m), 2.14 (3H, s), 3.30–3.38 (1H, m), 3.52 (2H, t, J = 5.5 Hz), 
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3.65–3.72 (2H, m), 3.80–3.94 (5H, m), 3.99 (1H, d, J = 15.3 Hz), 4.33–4.45 (2H, m), 
5.36 (1H, d, J = 15.3 Hz), 6.92–6.98 (1H, m), 7.19 (1H, ddd, J = 7.3 7.3 and 1.2 Hz), 
7.32–7.38 (1H, m), 7.46 (1H, ddd, J = 7.3 7.3 and 1.8 Hz), 7.73 (2H, s), 7.82 (1H, s). 
HRMS (FAB+) for C29H27F7N5O3 (M
++1): calcd, 626.2002; found, 626.2012. Anal. 
calcd for C29H26F7N5O3 




yl)-5,6,7,8-tetrahydropyrimido[5,4-f][1,4]oxazepin-5-one (135). The compound 135 
(62.2 mg, 68%) was prepared from 121 (84.0 mg, 0.150 mmol) in a manner similar to 
that described for the preparation of 81. Mp: 231–234oC. 1H-NMR (400 MHz, CDCl3) 
  2.15 (3H, s), 2.31 (3H, s), 3.52 (2H, t, J = 4.9 Hz), 3.64–3.73 (4H, m), 3.86–3.98 
(4H, m), 4.54 (2H, t, J = 4.9 Hz), 4.73 (2H, s), 7.10 (1H, dd, J = 7.3 and 1.2 Hz), 7.22 
(1H, t, J = 7.3 Hz), 7.27 (1H, d, J = 7.3 Hz), 7.32 (1H, ddd, J = 7.3, 7.3 and 1.2 Hz), 
7.65 (2H, s), 7.82 (1H, s). HRMS (EI) for C29H27F6N5O3 (M
+): calcd, 607.2018; found, 
607.2026. Anal. calcd for C29H27F6N5O3: C, 57.33; H, 4.48; N, 11.53. Found: C, 57.13; 
H, 4.38; N, 11.41. 
 
2-(4-Acetyl-1-piperazinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-4-(2-methylphen- 
yl)-5,6,7,8,9,10-hexahydropyrimido[4,5-b][1,5]diazocin-5-one (145). The compound 
145 (70.0 mg, 75 %) was prepared from 143 (85.9 mg, 0.150 mmol) in a manner similar 
to that described for the preparation of 81. Foam. 1H-NMR (400 MHz, CDCl3)  
1.73–1.85 (1H, m), 1.85–1.97 (1H, m), 2.12 (3H, s), 2.18–2.38 (3H, br), 3.18–3.38 (3H, 
m), 3.42–3.49 (2H, m), 3.59–3.68 (2H, m), 3.69–3.94 (6H, m), 5.36 (1H, d, J = 15.3 Hz), 
5.47 (1H, t, J = 7.3 Hz), 6.85–7.10 (2H, m), 7.16–7.24 (2H, m), 7.79 (2H, s), 8.02 (1H, 
s). HRMS (EI) for C30H30F6N6O2 (M
+): calcd, 620.2334; found, 620.2319. Anal. calcd 
for C30H30F6N6O2 




yl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-e][1,4]diazepin-5-one (146). The compound 
146 (43.8 mg, 46%) was prepared from 144 (83.8 mg, 0.150 mmol) in a manner similar 
to that described for the preparation of 81. Mp: 171–173oC. 1H-NMR (400 MHz, 
CDCl3)  2.14 (3H, s), 2.34 (3H, s), 3.48 (2H, dd, J = 5.5 and 5.5 Hz), 3.61 (4H, s), 3.65 
(2H, dd, J = 5.5 and 5.5 Hz), 3.82 (2H, dd, J = 5.5 and 5.5 Hz), 3.88 (2H, dd, J = 5.5 
and 5.5 Hz), 4.68 (2H, br), 5.29 (1H, s), 7.14 (1H, dd, J = 7.3 and 1.2 Hz), 7.20 (1H, 
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ddd, J = 7.3, 7.3 and 1.2 Hz), 7.23–7.31 (2H, m), 7.63 (2H, s), 7.80 (1H, s). HRMS (EI) 
for C29H28F6N6O2 (M
+): calcd, 606.2178; found, 606.2166. Anal. calcd for 
C29H28F6N6O2 
1/2H2O: C, 56.58; H, 4.58; N, 13.65. Found: C, 56.28; H, 4.53; N, 13.26. 
 
2-(4-Acetyl-1-piperazinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-10-methyl-4-(2- 
methylphenyl)-5,6,7,8,9,10-hexahydropyrimido[4,5-b][1,5]diazocin-5-one (147). To 
a solution of 145 (25.0 mg, 40.3 mol) in DMF (0.5 mL) was added sodium hydride 
(2.5 mg, 63 mol, 60% oil suspension) portionwise under ice cooling. The mixture was 
stirred for 30 min at room temperature, and then iodomethane (4.0 l, 64 mol) was 
added and stirred for 1 h at room temperature. The resulting mixture was diluted with 
ethyl acetate, then washed with water. The organic layer was dried over anhydrous 
Na2SO4, filtered, then concentrated in vacuo. Flashchromatography (AcOEt) of residue 
gave 147 as a colorless foam (10.8 mg, 42 %). 1H-NMR (400 MHz, CDCl3)  1.74–1.90 
(2H, m), 2.13 (3H, s), 2.35 (3H, brs), 3.13–3.24 (2H, m), 3.26 (3H, s), 3.58 (2H, dd, J = 
4.9 and 4.9 Hz), 3.53–3.92 (9H, m), 5.25 (1H, d, J = 14.7 Hz), 6.75–7.00 (2H, br), 
7.14–7.25 (2H, m), 7.58 (2H, brs), 7.78 (1H, s). HRMS (EI) for C31H32F6N6O2 (M
+): 
calcd, 634.2491; found, 634.2451. Anal. calcd for C31H32F6N6O2 
1/10H2O: C, 58.50; H, 
5.07; N, 13.21. Found: C, 58.17; H, 5.02; N, 13.01. 
 
10-Acetyl-2-(4-acetyl-1-piperazinyl)-6-[3,5-bis(trifluoromethyl)benzyl]-4-(2- 
methylphenyl)-5,6,7,8,9,10-hexahydropyrimido[4,5-b][1,5]diazocin-5-one (148). To 
a solution of 145 (25.0 mg, 40.3 mol) in 1,4-dioxane (0.5 mL) was added pyridine (0.1 
mL) and acetic anhydride (0.2 mL) at room temperature. The mixture was stirred for 3 h 
at 100oC. The resulting mixture was diluted with ethyl acetate, then washed with water. 
The organic layer was dried over anhydrous Na2SO4, filtered, then concentrated in 
vacuo. Flashchromatography (AcOEt) of residue gave 148 as a colorless foam (26.0 mg, 
97 %). 1H-NMR (400 MHz, CDCl3)  1.51–1.64 (1H, m), 1.93 (3H, s), 2.16 (3H, s), 
2.22–2.33 (1H, m), 2.28 (3H, s), 3.02–3.12 (1H, m), 3.24–3.33 (1H, m), 3.53–3.66 (3H, 
m), 3.68–3.78 (2H, m), 3.86–4.00 (5H, m), 4.61–4.69 (1H, m), 5.36 (1H, d, J = 15.9 Hz), 
6.98 (1H, d, J = 7.3 Hz), 7.11 (1H, t, J = 7.3 Hz), 7.27–7.35 (2H, m), 7.49 (2H, s), 7.78 
(1H, s). HRMS (EI) for C32H32F6N6O3 (M
+): calcd, 662.2440; found, 662.2435. Anal. 




3,4,5,6-tetrahydro-2H-pyrido[4,3-b]-1,5-oxazocin-6-one (149). The compound 149 
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(51.4 mg, 55 %) was prepared from 65 (79.4 mg, 0.150 mmol) in a manner similar to 
that described for the preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3)  1.90–2.10 
(2H, m), 2.13 (3H, s), 2.23 (3H, s), 3.21–3.29 (1H, m), 3.45–3.62 (4H, m), 3.62–3.78 
(4H, m), 3.78–3.89 (1H, m), 3.92 (1H, d, J = 15.3 Hz), 4.10–4.18 (1H, m), 4.36–4.44 
(1H, m), 5.34 (1H, d, J = 15.3 Hz), 6.11 (1H, s), 6.92–7.01 (1H, m), 7.01–7.08 (1H, m), 
7.17–7.24 (2H, m), 7.57 (2H, s), 7.79 (1H, s). HRMS (EI) for C31H30F6N4O3 (M
+): calcd, 
620.2222; found, 620.2244. Anal. calcd for C31H30F6N4O3 
1/5H2O: C, 59.65; H, 4.84; N, 
8.98. Found: C, 59.27; H, 4.72; N, 8.76. 
 
9-(4-Acetylpiperazinyl)-5-[3,5-bis(trifluoromethyl)benzyl]-7-(2-methylphenyl)- 
3,4,5,6-tetrahydro-2H-pyrido[2,3-b]-1,5-oxazocin-6-one (150). The compound 150 
(44.6 m g, 38%) was prepared from 69 (100 m g, 0.189 mmol) in a manner similar to 
that described for the preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3)  1.81–1.95 
(2H, m), 2.05–2.20 (4H, m), 2.27–2.35 (2H, m), 3.15–3.23 (1H, m), 3.52–3.62 (4H, m), 
3.62–3.82 (5H, m), 3.93 (1H, d, J = 15.3 Hz), 4.28–4.36 (1H, m), 4.42–4.52 (1H, m), 
5.31–5.43 (1H, m), 6.24 (1H, s), 6.75–7.33 (4H, m), 7.52 (2H, s), 7.77 (1H, s). HRMS 
(EI) for C31H30F6N4O3 (M
+): calcd, 620.2222; found, 620.2224. Anal. calcd for 
C31H30F6N4O3: C, 60.00; H, 4.87; N, 9.03. Found: C, 59.69; H, 4.73; N, 8.90. 
 
5-[3,5-Bis(trifluoromethyl)benzyl]-9-morpholino-7-phenyl-3,4,5,6-tetrahydro- 
2H-pyrido[4,3-b]-1,5-oxazocin-6-one (151). The compound 151 (47.3 mg, 57 %) was 
prepared from 66 (75.0 mg, 0.146 mmol) in a manner similar to that described for the 
preparation of 70. Foam. 1H-NMR (400 MHz, CDCl3)   1.84–1.93 (1H, m), 2.07–2.20 
(1H, m), 3.35–3.43 (1H, m), 3.50–3.63 (4H, m), 3.76–3.83 (4H, m), 3.92–4.01 (1H, m), 
4.03–4.10 (1H, m), 4.13 (1H, d, J = 15.3 Hz), 4.40–4.52 (1H, m), 5.40 (1H, d, J = 15.3 
Hz), 6.14 (1H, s), 7.24–7.37 (3H, m), 7.41–7.47 (2H, m), 7.78 (2H, s), 7.84 (1H, s). 
HRMS (EI) calcd for C28H25F6N3O3 (M
+) 565.1800, found 565.1761. Anal. Calcd for 
C28H25F6N3O3: C 59.47, H 4.46, N 7.43; Found: C 59.45, H 4.50, N 7.19. 
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＜薬理評価＞ 
 
NK1 receptor antagonist test 40 
Guinea pigs were stunned by a blow on the head and then exsanguinated from the 
carotid artery and the ileum was isolated. The ileum was mounted in an organ bath 
containing Tyrode's solution, which was maintained at 32˚C and gased with 95% O2 and 
5% CO2. The ileum was subjected to a resting tension of 1 gram and allowed to 
equilibrate for 20 min before the experiment was started. As a control, a 
concentration-response curve for substance P obtained in the absence of test compounds 
was used. The NK1 receptor antagonist activity of each test compound was determined 
from a concentration-response curve obtained by pretreatment with at least three 
concentrations of a test compound in DMSO solution for 10 min and subsequently 
applying substance P in a cumulative manner. The activity was expressed as a KB value 
determined by the Schild method.41 
 
Water solubility test 
A sample solution of test compound (10 g/mL) was prepared by adding a test 
compound (2.0–4.0 mg) in dimethylsulfoxide (0.2–0.4 mL). The solution was added to 
aqueous buffer solution, pH 6.8, and the mixture was shaken vigorously for 15 min at 
room temperature, followed by filtering off the precipitate using a 96-well filterplate. 
An HPLC equipped with a photodiode array detector was used to measure the 
concentration of the sample solution. 
 
Cystometry test 42 
Guinea pigs were anesthetized with halothane and the spinal cord was cut at the tenth 
cervical vertebra level in each animal. After restriction in a Ballman cage for more than 
2 h, room-temperature saline was injected through a bladder catheter into the bladder at 
a rate of 6 mL/h to conduct a cystometry test. After the effective bladder capacity had 
stabilized, a DMSO solution of a test compound was administered intravenously from 
the jugular vein. The effective bladder capacity was defined as the volume of saline 
injected from the time of one micturition to the next. The effect of each test compound 
was regarded as the increase in the average bladder volume, determined by taking the 
difference between the average bladder volume measured 30 min prior to administration 
of the test compound and that measured every 30 min after administration of the test 
compound. 
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Rhythmic bladder contraction test 
Rhythmic bladder contraction was observed when saline (1–2 mL) was injected into a 
balloon placed in the bladder of urethane-anesthetized guinea pigs. After rhythmic 
bladder contraction had stabilized, a DMSO solution of a test compound was 
administered by iv injection. The effect on rhythmic bladder contraction was evaluated 
in terms of frequency and amplitude of contraction. 
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